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BBepnpeHune

OcobGEeHHMEDB WMX C/NegoBaT elabbCoKpnaxT O P H bl X— M3Xa 4@KHO p OCTTEbY HW CcneyuunPuIYHOCT b
3aBepueymrNm@wccnejoBaHnim cTapoe goGBompHpgpAaAHoe (a- APOTDO HEBO3 MO X
agpanTtuMmpoBaTb K HOBOW 3afgaye.6olpoykiyomB@a MO BICOCL] ekJaoKsjaoHen e Ba@apaBgapa
M3 @MUHAHCOBLIX cobb6bpamemynygHMNBepOoabDepatopHOTrIo O06OQPFEBOBABUNBAXHEDNI

TpeboBaHBiipegenawwWnx ero KayvecTBO.

OnblT pas3paboTkuWw YyHMUBepcanbHOro nabopaToOpHOro WUHBepTOpa MNokas’
coboli BeCbMa C/NOXHYW WHXEHEepPHYHWpPOAEAaBY, C Ba ACKABMOLIY OT U M. MoaT
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ONTUMAaNbHBLBIM peweneems sApa3paboTka MOAYy/MbHOI KOHCTPYKLMUM na
BO/MSpE®e WNTb TARBOPEUYUS TMEOGKIBYT YHUBEPCRMp H®CTPe K T 1 B/H OL4E 3Ha
cyeT B3auMMO3aMeEHSseMOCTWU MoOAgy/Nelh M NYEREGUNOHAOLELINAPpOHDMUBEADAT i

jun
w

He MeHee BaxXHbMeHB NAKPWT exeilecTPapeflle HHHWGOpaTOpPpHOE oO06GOpPYyJAOBaAH
6bITb HEe TONbKO «WHTeNNekKTyanbHbBLM» caMo no cebe, HO MU MUMeTb BO
ceTun 3710 HeobOxmmUBMBTOMATM3IaUuMM ynpaBaeHUS, cbopaTpaki BEIE@OWM e RH
KPYnNHBE PYHKLMOHANbHbL@OWMNMOKIPpEeLWEeXoNeEM IBNSAETCACTEMHWENONb30BAaHMN
MUKPOKOHTPOBINEP/OBX NabopaTopHOro obopyaoBaHUS.

Mcxopa M3 3TUWX KpuTepurnesmabompnspaxpadeHaXK mMoayneihn gnsa O6bicTpoO
MHBEePTOPOB, MNpejgHa3HaAYeHHbBIX A8 pPRHICGHFE N WAHPTOX/OH i X NB@MAH € C K OT O
npodwnnsa

BaxHelwas OcobGEeHHOCTHSB 3T KX Mopaynem, KOTOPY HEODOXDmaENmDa HYC HeIA
Xaparep Harpysok, C KOoTopbMW nNpuageTcs uUMeTb pAfeno nNnabopaToOpHOM
HarpesasTo MHOYKTODP c KOMNEHCUPYOWNM KOHALEHCATOPOM. LnaTtoynb
yNbTpa3BYyKOBbe nNpeobpa3obpaEeENppMeMVMEWLEROKRBC MYPUPpOIY . Ona nnas
NPMNOXeHMHO pe3oOHAHCHbLE Tpawaeado prpaTHTH p Ma TW/PWO Be MKACWEFaAME K T PU Y e C K
6apbepoB C KOMNEHCUPYHOWUMN UHAYKTUBHOCTSAMMN.
MosToOMFaBHbLMMMpamMeTpamu, onpejgenswwnmvn , prHaOyIcBIAMP &P DCW &Y acCTOT a
PasznunuHsiwcobam ynpaBneHwus 3aTMUMMU napamMeTpammm n pa3paboaxie c
nocBsAlWeHbB pAaBe oTaesibAdbdncTRaEIB6@CTBA BCe CcTaTbW Ha 3 THbIW eayXx MBo,N
KOTOPpPbLIA MOXHMDO HAWB[HK e

B paeikecTaTbér nNnepBOW YacTwn) OMNUCAaAH «KOOCHICETAPHYMKIDOND@ G M N6 B O N MO A Y N
npegcTaBmmMiwcoBGOMYyMCCTTPAaH3UCTOPHLIMU NiMTAKMHME@IM 1WT oOofHOMa3IHON cerT
MO WHOCTHb (ao HeCcKONnbKMuX KBT) n YacCcTOTHGIN AvnanasoH (po HecCK
MCNONb3yeMblX TpPaH3UCTOPOB) OpMEeEHTMPOBAaHB Ha O6OMBHMYHWBOWAETNKaBDUE
nadopaTtTopuun-xaamanwieac Kor o npodgunas.

Bo BTOPOMN YacTmMUBCET/paTHRBMMEe Ppbl peanmM3alUiy KOHKpPpe OHIbIXBHMHGBREIDAGOWase
OAHOFTO U TOTO X€& CUMOB@BOIMMBEYNSKOMGEUHALUN ynpaBlnawm@ax oMoagy A
ycTpoicTtBa, KDYyOpbEeHTEM®O®CPEeACTBEROGObL3O0OBAMNKICNIRBPUMEHT € B cooTBET
cneun@ukoin pewae VAN Ccaagha 4y OWMEP MAaHT b

1. NMpocTeliuwBile pr op C PYUYHOIW HaACTPOWKOW YacTOTb HaAa pPe3OHAHWUN PpE
NATPa.

MHBeEepTOp
MHBepTODp
MHBepTODp
MHBepTODp

YWaCTOTHOMN perynumpoBKON MOLWHOCTW.
PYYHOW nNoAacCTRDM-pc ¥ NTWPOBEDOBI MOWHOCT U .
aBTOMaTMYeCKON NOACTPOWKOMW YacTOThbl MU pPerynmpoBKOW

c
c
c
C aBTOMaTMyeCcKONn NERPMT@OYIKIOPOBIKECIT OMGILKMOCT U .

arwn

Heob6xopgumo noAYepKHYTObB3afgawnamegnny aRrpM-Mo oy naTtop) " yacTtToTy WHB
«KPYUYHOUW» nNnoAasTEHNHKKL3IATOP 4YacToOThl) BbIMO/JTHEHBL Ha MWUKPOKOHTPOAN
ynpaBneHusa No NOC/NefjOBITOMAbHEPX OMHaM&d HOT O KOMNblTEepa WAW A[APYTO
OTO0 pgaeT BO3MOXHOCTb peanuns3oBbiBaTb CJ/OXHOE ynpaBJ/ileHUEe UHBepTOp
napaMeTpoB YyCTaHOBKM

MepelifeM K paccMOTPEHUW KOHKPETHBX cuMucTemM. HauyHemM ¢ cuNoOBOTro M

MpeaynpexageHme 06 onacHOCTMWN

Bagonqboag eobdoadoees Yy, dEddoEoadY3IEqnge 3 (Ebboy dsEscq, bFeody
Y bg Yongqys { REaclEbYzqdeoy o¥sRyyrey dgoY. noysona b¥dqY¥YbaRbHoosq
dogavydFEscec sdqdqacbay o2d£] doRPAWMOEPO A¢dODD HdoodFEFmYRPD 6dd235QY¥oc
b, 620), nlj] 66 E?2008Lt06yOAN nODAYyOA O nLdylepPz) dOp&HOHY OA
CunoBoun MoOopAOy no

JaHHBIA CcunoBOW MOAYNb JNEeXWT B OCHOBEe BCEe€X KOHCTpPpyKUuum, paccmc
cMmnosomn MOAY b npepcrtaBnsaerT COO6@MMH B IE BWHITOAKIMTH®IA, MO IMO N DOB AWK
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NOr Mye miM¥y Nb C OB , nocTynawwnmx Ha €ero BXO0opA4. JlormMmyecKkOoOMYy HH/KI €H a
BIXOQHOE HanpsaXeHMUe uHBepToOpa (BepAHDFKEBPOH, 3aKpBT UEBKEAK @@ 1
bBIXO@® HanpsaxeHne VHBEQEXHMU@PA KNKWY OTKPbLT, EICXIRICT BERAK P LT B.LANY UL
BIXOAOHOTFO HanpaAXeHMWA 3aBUCUT OT HanpfleemmMd® RTAMAKUNSK NTWHBSAP T cpmal.o
ogepxXurt Apansepbl, obecneunBatwwne ynpaB/eHMUWEB aWk nmedyaltead, -timew, e n o0 4
aNnbBaHMWUYeEeCKYl pas3BA3KY oT uenet ynpaBneHwuns " DETOMAT NB @Y N
PaccmMoTpuMM CXeMy MU KOHCTPYKLWIW CUMNOBONO MOAYNA noagpobHee.
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Punc .Clx.e ma C ¥ NvMDOBOOYT JIOA

MonoxXxnmTenbHbe BXOAHbE uMnynbcsb ( TTJ/IPDE®GY) n PDMG-artar/icbsB aHHay YEBXC K DHI  p a 3
Pa3zBAa3ka BbIMO/THEHaA Ha 6biCTpoAe IBHI3E Y I€e i oonTomapaeymnBaeT nep e
unmcppoBbx cupeadéds Mo6uT/ cex. AnaTarwdincerabp@aedmn yemM p[foca@QG@BHHWDA »
onTtonapsb BbLIMCO/AHELREPP T HO , datasheatarcal 03 TOT 4Yunm

D11 BbinonHsAaeT ponb 6ydhepa M KoOMNneHCUWpPpYeEeT UHBepcuiw DU damm@y p BETO (
MHBEPCHBLIW CcuUTHaAanNn pNsa HuxHer o DRAwuDR2 MHRE-ueneMemXaxXxa WX Bxojgax |
3apepxKka nepepgHUux @GPOHTOB ynpasBnsawwux wmny ndeadetime .n nB e ngnoupuvHiap o 1B
onpepgenaetTcaamMmpresmae T RBoRBI M KoHpeHCc L2, CROBIMPU yKaszaHHBIX Ha cXewMe
3 Hauye deak-tme coctaenmkono 500 Hc.

B KayecTBE ApainBepa mcnonb3yeTcsd pOAICTENM PP A@OIREABIC N BE CITOR 2 MO H H

cTaHfgapTHOM GYTCTpPBBIHOP CTREMEO pPelwWeHUNSH obycnoBneH WU oMK 0 I
LOCTYNHOCTbLW JAHHOW MUKpPOCKE@WbL MO HWIPMXenplaBYPHOBAO NMODOKOOAB KMHA K B
pa6oTaeT BNONHEe HajexXHOo. Mo3aTOMy HWUKaAaKWUe [AONONHUTENbHbBIE CXeM

HagexXxHOCTMW paboThb JaHHOT O pAp aiikeceHme HHCEET MIUINKE A MWEE .b Maible TOKMWU
JAHHOBMEX NCNONb30BaHbL KepaMunue cGIne nkC)w o d Dl mombkeH O6bITb 6 bICTP bIN

«O@BAa3Ka» K nWd ewi VI2 T o Xxe JOoOCTaToO4YHO cTaHfgapRSH&REG oPpavBIOPaAEIIOT L
3apsagal/paspaga 3aTBOpa. Mx BenumymHa 3aBuCcuUT OTB.McGomaBye@MBX X
mcnonb3oBanucb Ccnep[yowidGBT)r HETBEION6OA4D,pREPFOB60PD1L 1 IRGP20B60PD . A nsa nepaB bl
LBYX TUWUNOB HOMMHAaAanNb 3TWUX pe3uncrtopoB co€r@Ge@m.1 P &3RICRO®pIBI @ NAAMDP e
3awnTtHbe Gy KioymeHcathHpd m CO nrpatwT poneb npocrabG@wepoB a1 ycTp
Bbi6pocCOB Ha Knwoyax, Bbl3 BaHHDbX napasuWTHbBMN MWHAOYKTUBHOCTAMMU L
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KOHCTPYKUUAX UCIGBTIeGYBWMTTPOEHHBMU BHYTPEHHUMU «CBEPXOBBLICTPBLMU» [
LONO/THEW b HEBKKE WHA KO OB He TpebyeTcsd.

Ha o9newmeDMBaR®l4 n TpaH3MTITEOPERONHEHA ObCTpojgelicTBYyWasas «NOULWUKINOBaA
cpabaTtbBawwas NpPwWUW MIHOBEHHOM TMNpPeBbllWeHMW b MICOMYIOOrBa0 T O4KAOCM , b KT coprapaey Gnse
cpabaTtTbBaHMAa 3awwes cpeimpeswmBld.oPpacbo TaeT 3awmrta cneagywwum obpaso
nNpoBOAOM n MUHYCOM BLICOKOBO/TIbTHOTO 6 1 0 KRA5, N vHTaaIHOWHADK € 1B IK €1 10 tHeaH KU
nponopumMmoHanbHO noTpebnaemMomMyHanpsEpRDPOMAT AKWHW.TEe OTHOCMUTENbHO
oTpuaTtTenbHOE. Kak Tonbko nbDlT«eyHiugear’» S0MIMHTOTCEMpTae N1b HO 6a3 bl B OHTgp U L a
BenNuumMgcTaTOAaAYWOTKpPbLBIBAaHNA TpaH3uncTopa, Dhaacdxpmiep yoe PO MEMITIAY €
B pesyniR$-aperrep, o6bpa3zoBaHHRU3 P DB PEMWMIIOY NTC A . YposeHubBl3Ha B
CTaHeT BbLCOKWUM. OTOOIOXKMIp BOMBEIERITB expa K 1104 8DiMm U KBXxoXIER)bINMMocne ycTpaHet
NPMUYMHB NepecroppyoREmpumurrepa ocyuwecTtBNAeTcCSA npwu nomMowlkc 6pEORKMN A
YyAYyUYWEHNA OCNM®MUYNBOCTUN CXEMb 3aWUTb XenaacremMmbH@KIBEE@PTIbI3 0BaAPUMTI T
WMuTtTTa nawveXHCM2 B pfaHHOM cnydyae)

KoOHCcTpyKLUMKA

MeyaTHywW NnnaTty B Bupge rpachwieoxkore HaXAaNgnan« MoOROKEHMANT K @amp
cTarTl[églee nrePow 672 . TamMeck®bC 00T BET C T Blaywapawiiin . H® nmwk@asaHa cob6bpaHHas#+
CMNOBOIroO MOAYNHA C ABYX CTOPOH.

Pne. CobpaHHasa nnarta CcuNoBOro MoOAYynsa

YacThb 3 ne vMEMH TG8,B C9, nopcTpOEeYHbA Rige 3 waTearp a4uomg «Meperpyskapy, K
KARMHWUKN NUISBHMANE MMBYMEGMHOT O CWUT HaRL8) pva cmyoHITO Xe Hbl C ApPpYTr ol BTopoc
KayecTBEe KOHCTPYKUWMOHHOW OCHOBbBL CMNOBOFNOo MOAYynA yAoO6GHO MCNOANbS3
nNpoueccopoB COBPEMEHHBIX TMNepcoOHAa/NbHbBIXe Kpags®TepPpeB .KpelasaDaDODMU B
3/1eMeHTbH CMNOBOTO MOJWMKEanN @¥Ma3 aHHbe

Pn&8.3nemMeHTH CMNOBOTFIO MOAYNSA, NPUTF OTOB/IEHHBIE K C6C

MoomkopoBaa nnactunHa BO0xpldxdOe bnewwH biMn oTBepcTuMmamMm (cnesa OT Awn
3 /1€ KATYpe C K O W M30MALUN CWIJOOTB biM e TKYVIOMMeUle C K 0T 0 pajguvnaTOpPrR. 3 OME@H eMoaX €
NNacTUWHKMW TCOAX0LE A WMX pas3MepoB UAUN ApyTrune YIGLWLYOLAES BN BGK M I KL
R1I5cocTtout m3 5 pesunmctopoB 0.51 OmM 2 BT, KKTHWOeAWPXBRAIMBATTAK] b KG
Ha pUCYyHKax, TO OHW OKaxXyTcsa B 30He ob6ayBa BeHTuMNAToOppRa mowwxyy
pexmmax unHBepTOpa.
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Ha oTpAenbHONW nNnnaTtTe CMOHTMUPOBAaHbL 31e€eKT QHOOOIMITHIMYEECHHIBEE KHoaH JOd6d.e R & O |
pas3pRAbin pe3IREGTW pc anp e cxRIZ0CA. OTa nnaTa KKppeangmractTaopy € ApPYyTr oW cT
OCHOBHafa . Obaymada BMULg CcOoOOBpPaHHOro MOAynsa € pPas3HbLX pakKkypcos, n3
K OMOHOBK Ie,4 CIT@R BHIa8 HDM CH N Xe .

Pnd. Bupag cob6paBBOT O

PAYyNsas C HECKONbKWUX pakKypcosB

EyOYAyObOobhoFeseghoseY dgdodE sqdqjmpskdiaYr E3 Yy caFoag dyqon d
bEeoQéddy 600 JgdbRBddyRqbYgonysone dgdod ecqbqpdes@gYno 3Igeoabyosec
L 0688y YLY E?)1LO0LY ARt AOS YOIy bayhs oo s aRgqb o mdie 2gEsFEY) Ye
6do3odF o909 dgo¥Y.

ONns nMcnNbTaHWA cUNCOOREP EeNOIDEIFBRPOCTEeNWNA BapumaHT nabGopaToOpHOT O

MpocTenwnmnim BapuaHT nabopaToOPHOTrNOoO MHBEPTO

Bnok cxemMmaHBBRE@T®Pa nNnokKkaslzbaHpmHAaapuenun rMoImodBOOTO0 6C1OoKa, Harpyskun
KOMNOHEHTOB obwenabopaToOpHOro Ha3HauveHWNSA, Takohm wuHBepTOp <CcOb6V
HajexXeH " MO XeT mcnonb3oBaTbCA B N6 bl X N@ABDOPEBH OHXH bIX 3 K@y & o v
HarpesoM C MOLUWHO-@KBW BMOK OIT.OBpa&rTxp € 6y eHTickda K@BT oMaTMBayvyacTHOCT U, Tu
nnasKka Heb6Oo0NbWNX ULBODOGPHREBE 0A/TNO0B (8o COTHM rpamm) , MHAOYKLWOHHE
rpadmToBbLIMN mnnmnu MeTanaunyeckunmn HarpesaTenamu. MO WHOCT M Takor
NneBumawHON nnaBku HedompawmmoK)2 obpa3uoB anllOMWUHUWEBDLX CNNaBoOB.

NATP
—
CeTb 220 B
A%

Cunoeoi 3agaowmii
Moaynb reHepatop

i

Bnok nutaHus
=15B

Harpyska

Punc. 5bAroxxema npocTelwero mMmHBepTopa Ha 6a3e cumnoBoOroOo
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MTakpomMgXe FTOTCBOOBOT O MOAEIG ,Cc G pruMienoHasD6aNe gy OIHUME MEHT bl.

1. NabopaTopHbN aBTOoOTpaHchopmaTtop (NATP)

2. lBonHediBTOMa@a®a 25 awmnep.

3. AMnepwmeTp nerpoe meoHkda® MO XHO McnNnonNbL3oBaTb Hefgoporume TOKOBbLIE Kine
4, Bnok nNnuTaHua Ha 15B pgna nuTtaHua pgpalisepa.

5 Bnok nuTtaHma Ha 12 B pgamAopnan.taHmMa BeHTWUNA

6. Harpys3ka.

7. B3apawwnii reHepaToOp

NATP

NATP B 0CO0O6bX KOMMEHTaApPUWAX HEe HyxXpgaeTcCsa. Xenatend®Wo amaorPjib 31HO@B

nNepBbLIX 3KCNepMMEeHTOBIAN@XAO MBS S8 IIB .

ABTOMAT

ABTOMAT BbLNONHSAET @YHKLUWUI BbKAKYaAaBAMY WAWLPEANOXRABNDENK,0POTKOT |
ycTpoihcAtdsseo.n Es o¢yr Eoaqaecho (JdoaRgqb, ¢goocg@iopbgmsFEoac o¢F sdodoqp
dgoe.y¥Y 3TO0OT MOMEHT OYeHb BaxewH, T. K. cMmnosBasd YAGKW II€e clemaaT OH)
BHUMaHUE " Ha XH@®®eWs NpKeo H I e paBpgeBAaleHHOT O C UM OB,0MPAC amMoageEy /10
MCNONb3OBaAaHWUA KHONKBGRODEPETrpys3kKa

HN3KOBONbLTHELIE 6nokKkwn NMNTaHWA4A

Ocob6bix TpeboBaHMNI K 6nokKkam nNuTaHMA HeT. MO XHO WncCn aUex3COBHaATIEL HIbIO
KOMNBEWOBQT«3 apaK»MTHEKOTOPbLIX NPUHTEpPOB, BRakwepoBauMmnsaT . aNna p[painse
fAONXeH 6bITb paccymTaH Ha noTpeb6bnaembin Tok oT 0.5 A u Bblwe.

Harpyska

B nepBbIX 3KcnepmmeBwT@ARLKEe CUNOBMLI OGYMPEIW TACNONb30BaTb aKkKTIBBHY
KadyecTm&oOB®ONONHE nopgoiageT o6bl4HaAasA nNamMna Hak a5 M@k a Blvask amo WHA CPTYL3
ynob6Ha CAMMbBIKEPBWBX NIOYHEeHUN WHBErpoTOKPI b KY MO0 Hak alyp an3ayMalid MTOBK HaD
pa6oTHo. AN peaabgHaeX UHAYKLMWOHHBM HArlr peBOM HaMC MHee/mnabTxso [ oo e 6ayTaee)
KOHTYp, COCTOSINWKIT OWAR WMH KOHAeHcCamoOpAONdG OEammpeoBaHUusa KonebaTent
MHBEPTOPOM U ANA obBecneyeHMss ero ranbBaHMUYECKOW pa3BA3KM OT MUt
C NuTawieihn ceTbl) HENTIMATTHEGIWMET TspaHcPopMaTop WU pas3fgenuTenbHbli

KoHkpeTHas peanunsaumsas pPe3OHAHCHOR Har pysKMW LU eYHMKBOEM C3AaNBHGIKT PaTLE
3fgecb He cyuReoc TBByexXr .3KCNnepuMMeHTax, ONWCaHHBLX B fJaHHoOWBEaApAAHE,
Harpyskexema KoJoPppaxeaapicdns uYacTHBLX 3ajauy ee MOXHO ynpocTw
cnyyuasax 06 3ToM 6yjageT cKas3aHO OTfAeNbHO.

KoHgeHcaTopHas 6aTtapes 1.78 Mkd
CBB-810.033 x 2000 B 54 wr
/

C130 ¢C2

WHAYKTOpP - 13 BUTKOB,
- MepaHas Tpybka 4x1
L HrnameTp BUTKOB - 35 MM,
BbICOTa MHAYKTOpa - 80 MM

M2000HM, 4 T K40x25x11
Pné. CxemMa pe3oOHaAHCHOW HarpysKMW, MWCNONb30BaHHOW B pG:

LlenmnouyuRIEC1 npegHas3HaYyeHa ANAHUBMAPBEOBACTOTHLIX KEeme#banHempliB MM HO W O
cornacytwwer o T p aHcpjo pmcanmoo/pLa3POE-pB MY 1 IKMEB WLHOCPMO CBSA3aHO C TewMm, L
curHana BO3O6yXaRDMwser mpue ievke e T MHOT O HM3 KOYacT MTBH bIK O TKOOPVBNED H B B |
nNpuBeE&TBO3 Oy Xmewpmida nTHHbixk one 6 &lpPDM-per y T MpoBKY MOWHOCTMW MU KOHKPpE
ee peannsaumun MOXBO cmaddHad]le Jna askcnepuveRDMoBe n 0o HBIRL MOXHO He
CTaBUTb.
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B paccmMaTprnB@BRMORMOM MOLYIO@b3yeTcCH H e C UBVKWEK ‘PENHIHED € HAaT Py 3 K ”. T. e
BKNYEeHa MexXAy ULeHTpanbHOW TOYKOW nonymocTa W 3eMJTSAHOWNW WUHOWM
nNnorunKky ynpaBneHWmsa wuHBepToOoOpamPDMpprer waim@moiB X 01B avHOMYHO CTTpMe 6y e T npuMm
pas3genurtenbHOr o KEUmMmeAIHyTTPE@aAHEHNA NOCTOAHHOW cocTaBnAsawWen.

OAna pononHuMTenbHOro ocnabneHms ypgapHO BO36YyXAaeMbX HM3KOYACTOT
pas3fgenuTtenbHBbLIM KoOHAEeHcaToOpoOM " nNepBUWYHOI O6GMOTKOIWKE JtaT /AL H 00
MaKCUMMalnbHO CHMBAHGHYH 4YacTOTy 3TOWHAYKMUB HIOOTTE MYaM@QO HAA @B @ e H (
TpaHcdopmMapmepaHa pgocTaTouylBo cBamswmWETN BTMMobecneyeHNA HeobBXOAUMOTI
BTOpPWAWH O6MOTKA cojjepxXBme@B@a B@PMAKE@AL M OHHOOIHE YHAXHOOATOT.p aHC hopmMaToOp
cpenatb, WCOMPOO/HLE3BYbEEL-WMOPa3 Hble cephpecd@mMBE®YHIUIHIOOB NoAaXOoASAWNMX pas3mMme,)
He okKkas3asmobbctboMy 6blna cpenaHa Hepa3bopHas KOHCTpPYyKLMS Ha dqeppwu:
yKas3aHb Ha CXeMe BblWel, WaH OKYOKHTCOTPPAY KCL, C OT Nacy wWwnumM TpaHCc op.MaToOpoOM

Pnad. KoHcTpyKuMSa cornacytwwero TpaHc®opmMaTopa WU WUHLA

Ona wm3rotToBneHMA MHAYKTOpaAa W BTOPMUUHON OOGMOTMCMOCGRBOBBWEAMEeHEAaASN |
MeaHas TPRpHéwAAMaAaMeTpPEMMU 4T O NN WNCHTOEIH U MiMapameTpb MHAYKTOpa Yka3sat
Mepep HaMOTKOW MHAYyKTOpPAa WU BTOPMUYMHOW OOGBMOTKMWM cCcoOrfnpacytuero Tpa
MEenKO MNOMONOTOW CYXONn NOBapeHHONW CcONbIO. OT0 pgenaeTca3agmamMa»r
TPY6GKU nNpwu Cr Hwal/kbeM paguycom WMpmemdz»BHWWBATbL TPpagWUWOHHBLA MNecok

reoMeTpuax He pekolmedpypygroO g@gARBINTPAaBHMMTENbHO NerkKko pacTBOpSA
npoTouyBi@Aiolh yxgllBT Ka BTOPUYHHON OO6MDCTTKAMT BUIHDOTHENA paboOTb Ha YpOBHE
nNPM NWTaAaHUWUW MNONYMOCTOBOTFO MWHBEDPpPT OFcan no TH €0 JxHBOAGDAVE FH @ /il N YCEECTTMB.ODX HBOU T K
nery®@enunynTesb.

KOHCTpYyKOHifle KC AT OPHONW 6aTapeaHaRpYRAOUUHaAUCNONbL3ORAHHON B pabBoT

MTak, Cc HarpyawWoicbpaDeGmncsa 3ajgawowumii reHepaTop.

3agawwmnin reHepaTop

OAna nepBbX 3KCNepMMeHTOB npouwe BCero B3SATb TOTOBbLN TreHepaTop
BblfaBaTb MeaHApP Cc -&8mvmBnwrt ypgeorily nMpyeMOin YacTOTOlW B HYXHOM pAaguana
3aBUCHUTT pewaembx 3afjgadu M TPpaH3IUCTOP®BE C TVBCEN O K1 BN BMBIOBM BMO Y 1€ .
onpepgeneHHocTun 6Gyaem paccmMaTpuBaTtTb MOAY NRGP20BGOPD.a HBI bidiM sHrak Or \»a H[B en
nepeknwyewmnspamd@Te Ha pe30HaHICTHW KT pHaaH 3pwyc3nkayp Klgtasheet;, pa6oTocnocobH
150 krlu.

Oy4yeHb YBOOHO B KauyecTBe [ NKAPATHEOSB AT HT HBWEELHATLMEL B COCTas He
BUPTYanhbHBLBIX npnboposB eHeélpapamegmmr Hanos A0 B o /JSB-oc uwmyoasapEaselr o
npakTunyecknovnpgeaxwE@mMNT ANA TaKWUX 3KCNEepPpUMEHTOB.

Hy a ecnun T OTOBOT O T € HBECPFAATKMEA ,C WA ETOBICHICE TaTb caMoMy. Hwuxe ™Mbl
ABa BapuaHTa caMoOoAesnbHbX 3apfanqumXT erielHmeip arTreapOERT WMr epe lMomera
«<npoABUHYB@pPHUE PAMNL MHTEe3aToOp HYaa CMVOKTPbD K O H TATNy 2883prem n Kk p 0 ¢ xGD4046 .

3agawwmin reHepaTtTop Ha Tpurrepe WMuTTa

BCeTreyweceBY OTPOMHOE KCRIEWEHEHPATOPOB Ha NorvnyedkaBx ppgogamseilTa
npocToil W3 ewepaToOmHIOM MHBepT  mMpyiouwepwe LWMwTTm.paboTb B KauyecTBe
reHepamvHBE PTOPRO N1 XKEBHIJAaBUMMEHHO MeaHap. T.e. ANUTEeNbHOCTBOWMOYN
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paBHa [fNAUWTenNbHOCTW nNays3bl. Ecnnm 9T1T0 He Tak, TO MeaHAgpP nNerKko no
noewunD-Tpurrepa-ddwmimcrtora npum 3TOM ynapgeT B pABa pasa, HO 3aTo
Tak Mb MU nNOCAFAUMEpPBbLX 3KCIMAKPOWIMErHETHOBBp XA Op coOb6GpaTwHanN M@EBOG HOW NN
CxemMa TraetTHoeppa M €er o BMA nNakKkas3aH Ha pwuc. 8

Ona peroyB/Kmmp 4Y4acTOT bl (R2)e 3kECITAO B /T b H O mcnonb3oBaTh Nnpeuyumns3mnoHHEB
nepeMEeHHbBIA OopPe3 MUBCTOOGEHHOKHATO e@wBgeT mcnonb3oBaTbCs yacTOTHUBIW C |
MOWHOCTWNW MWHBepTOpa. Ho, npM HaAaNMuum onpepeneHoOGBYKEM@BPERIEHH b IM:C

pe3sunc.tTop aTomM cnyvae xenaTenbHO CYy3WTb A[fManNnal3OH PerynupoBKU Ye
3 Haue lRyIR2 nCl.

74HC74

Mpu ykazaHHbIX HOMUHanax
R1, R2 n C1 gnana3oH naMeHeHus
yactoTbl - ot 30 Ao 500 Ky

Pnd8. CxemMa M MakeT 3afjawwWwero reHepaTtopa

Bknwya€mMoTpum curHanPDMCBalx®gmpaHe ocuuhpeosmpmbphpaobpaHHbBIE ODOBGPDTO
pa6boTtaeT cpa3y xe. TlpoBepsemM reHepauyuuntw, GOpMYy UMONYynNbCcOB U nNpejg

Mopagy nwHTE3 @aH@E T OT bl

BTopoihi BapuaHT 3agatbuwedPAlNieHEeParaO@P@ HAaC MARPOKOHTAMNMW2E&3p e OH 6biN

nogpobHocasenm c@a8]be OgaHacko, B TUWHTEBaTwWpPadmyIMTaH Ha paboTy B
onanas3oH&80D0@Tluy. B paHHOW pab6boTe Mb 6ygemM paboTaTh0 ckowneelHNs
HYXHO M3 MEHUTDL HOMMWHAIBbI HeKOTORPpbIX 9 /1 e Me HITPOOE P avm M HOOTEK O popbeekcTnie|

MUKPOKOHTPOCIXeeaa .M BHEeWHWW BUAg nNnaTb CUHTe3alfpw ay KeooxamBHHIX HEM U
CMHTe3aTop CcCTabunbHO paboaNlddT ke LAV MHaVMEAA bIDIN WAl M3IMEHEHMUSa Ye

62.5 I'wy. Mpun ypapepxtd+» b niereo Mouba KC eMK3 MEHEHUWSA YacTOoOTb NANaBHO yBenun
ca[ ] o J Tt orls W
01 01| 2200 [
- " ReseT vee2 I I
2 pporxp P79 IC2 s
Brewnree
npasnetve S2leoimxo  pesf®  _Slpcain vee i€ Z
c122 o
|T4 XTAL2 peshZ 144pceiN  Pc2ouT A
XTAL1 pBaj1® s
PD2INTO  OC1A H5 VCOIN 7
PD3INT1  OCOA s CAl = ";
PD4/TO PB1 cB ]
=
_é'LFLfL PDS/T1 PBO INH R2 =
bIXOA,
E— j—-‘lGND PDg| GND R1 . Z
ATtiny2313 CD4046BE 2 7 4
A A S P
Pn®o®. Cxema ”n cobpaHHasnHnmeasraTr gppAdlYyac T 0T bl
Bce MaTepwunanbl, HeobxoavmaleHQTIHTEeBapoOPa, MARA®THANTHN B AONONHMN

MaTepunanax K aJaf@HsiinaSedsgce .

McnbiTaHMe MWHBepTOpPpa Ha aKTWUBHOW HaArpyske

Tenepb Yy Hac BCe TOTOBO pANnNs cb6opkWM mnNnpocTelhwero wmHBepTOpa ¢ [
mMcnbolTaHUA npoBoaguMM nNpwu NMOHMWXEHHOM HanpsaxeHepe gH an eapkBTbUVB H B K N H1a
BbHBOAMUMYP@POBKY YPOBHS TOKOBOW 3awumTbl Ha Ma K(CIMOMIa3/ybHHOYKIO pudlk481BCTTBOVPT
BepXHeM nonacxueuy,
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Bknwoyaem MHBepTOp B chnepgywwein nocnepoBatTenbHOCTHU.

1. TATPB HyneBOM NONOXEHUMN. CeTeBOoOil aBTOMAT BbLIKJTKYEH.

2. Bknwyaem nutaHune nhz2oPBbi)BedbBun B. (silxpdaoiive enpo)p A 4 K € .

3. Bknwyuaem nmeaiaepartropa curHanos (5 B). YcTtaHoBMM 4 abeOr oktlyy .r e H

4. BKknwyaem aBToOMAT

5. MNMosBopaunsaa JTATP, ycTaHaB/IuBaeM HanpsaxXxeHune nNuUutTaHMda UHBepToO
Ecnum KoOMNOHEeHTbMMWBOPAaBBEpPAHO NpaBWUAbHO, B 3TOT MOMEHT Mbl yBUJL
Ecnwn HeT, TO Heob6xoaumo HalAma AEepPE H Y aBLHO COTBL . B nomceke Hewuncnyf
ob6bpatTunTbl@munkXxeHUmMam oOonNuMCaHa aTOC/TIELHIO®BT b war os ana nokanusauymny
mHBEpPTOPpaAa, ecnirawmme KeTC e Melcamn e ycTpaHeH®nsd HemcnpaBHOCTEN np

MHBEPTOIPPOUM MOHMUXEHHOM HBAMKSIMEBHWK HAT PYy3KY

«MoroHseM» ero B TakKoM-Y@EXMUMEN YT @ WHDEC argpoermie ¢ (K poMe /1aMnouKk.l
B3pbBaTtTbca MU T.n. [TOCMOTPMUM NPM NOMOUM OCLUWMBOTIOP aadnasn HeaHn PEALKTELH MY
MeaHAgp, BO3MOXHO, C Heb6GONbWKUMMKU BbOGRPETEA MU e(3var Miva MM N N YEGEAK @ISBOKHA P T U
JONXHaAa ce¢eoGXp8E BCceM pabouemM AManasoHe YacToT. NAMKYYIBMW N AP A BRKE H A
HarpyamKea@&Tb CBeYeHMW OTHAMINEGBME HAT b CoOOTBEeT.cCTAl epdo Nnokas3 aH «pab6ov
MOMEHT» Takoro TecTUpOBaHUS.

|
/

I

Pnad0d. MWMcnblTaeactee Mupe r 0 U H B €apKTTOMPBaH OHAa H arl py 3 K €

Ecnwn BCe
pe3oHaHCHDO

powno HOoOpManbHO, MO XHO nepexoagnTtesb K chnepny el an nc

n
i Bakkmwu®aKaBe 3ajaluwero reHepatopa pjganee 6yaeM MCNonb

McnblTaHMe MHBepTOpa Ha pPe3OHAHCHONK Harpyske

nO,D,KOFIIVIIyI)Ke M3 T OT O Bp/iecE3HOHHYyalkH C HY IO HaT pYy 3 K, Yy CKO IwiHaBCEHPOT oCpxye M e , npunBseepgeHH
NATP
(W—T—
K ocuvnnorpady | Cets 220 B
(HanpsixeHune Ha
Harpyske)

A
T 3.0cC1 c2 s s

C
3.0 Cunogoii 3apaiowmii
L 100 R1 MOoAYNb reHepartop
e @ @
10
Bnok nutaxus
K ocuunnorpady =15B
(ToK Harpyskm)

Pndl. MopgknNnwyYyeHNe pPEeE3OHAHCHON HaArpysk
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KOHTpPOSA TOK&@ HBM HaoppeioyeTCH TOKOBGBIN TpaHcdopmMaTOp. Tp
Nb3yeMbii B bmpawHOMamadTaH Ha GepputoBoM Konbuyue M2500 HMC 1
cchopmaTtopa ToKka coaepxunT 6@.dRTKkEecTMpPpREeppaoNyAiPpHO nouynmrtart
chopMaDENBIXKXHO, Hanpumed6l. B cTaTbe

an HanpaAXeHUN CHMMAEMBEHE@M C BbLXOAHbLX KNeMM WUHBepTOpa,
y3ka.

BeHb cCcpabaTbBaHWA 3alWUTb eWwe THRIAHMAKECOMA,/TbAYPIBHYBABAM
K pesancrtopa R14 smBmeppyMcnd cxewme

CTMUM B WUHAYKTO P Tepriab UTOOMBXbDIAL ATWer 0 pa3 Mepa MUAW NPOCTO KYCKMU |
bl MPOCTPAaAaHCTBO BHYTPWU UHAYKTOpPpaH6L/ME@HBAaHAAMOEMIBN HY.a PhMa @mx o
ATb Mepb, 4TO0O6b TrTpacdhuT He 3amMblkan BUTKW WHAYKT owTao B y[ol A8 asTT)
Apyronm nopagxopawnih BbHCOKOTEMNnepaTypHbLA U3IO0ONMPYHWWNHE MBIKRA P U
Nb3o0BaTb CcnNneuManbHbEe TepMOCTOlWKMEe OoNNeTKW ANSA UHAYKTOpaA.

€ NpOoOBEpPKUN MDHTEWEA BOLAHOINO OXJJaXAEKH/MEY HEAM WNHHB/&ITOM@ K D O Y Ke
AKe, Kak M B cnydyae QKIToM/B HOWMWHEKH ag PyMB&Pe i, naegadyeil BbLICOKOT O H
opoTta pyuykwn JIATPa) YacTOTYH BHIA BRI T THEAE /BTALE P & Ma P 8 H bl il slyapBOHBOE H |
nmMaem npwu nomMo Lu NATPa saampsxeeHwe an mpaom nwile nBlao 3 g@ aHe
nnorpadda ™Mb yBUAUM NPAMOYTI ONbHBLE WUMNOYNbCbl, CoOTBEeTCTBY WM
oaMYecKMUW cCcuUTrHan ToOKa HaArpyskmu. Mpnm p[JOCTATOYHO BHLICOKOW H
an TWq@ea @GouyTwn Tpedyarsoan bTHOGIKIA 3 ana3gblBaeT OTHOCMWUT e nkbad op wjra. 3162
3aH HayYyanNbHbLN MOMEHT TecTUWUPOBAHMS.

32

pokb \ Il Brok 'Hl'. Koktporik Temneparyps
\ TEMEHE  seriagtopos | A OKpyXaKwen cpeqbt
I / [

Kon

KoHTpone TeMneparypb!
paanaTopos

- -
w» ~ Cuososn
__mogynb

BeHTunarop X
Ana o6aysa
cornacyrouero T CuHTesatop
TpaHcghopmaropa 4acToTb!

Pnd2. HayanbHbI 3Tan TecTUpPpOBaAaHWA MHBepTOpa Ha pes3oHa

HaynHaemM nNnnNnaBHO MNOHMXaTb YacTOTy Haémmaoaer®a reEHEPANIMANDPOKEHNS
TununuHbole ocuuaAnNnpepamaBieHb Ha pwuc. 13.

e

-l |-—

4

‘ =

[500av BN 500V JSO0us

Pnd3. OcuwumnnorpamMmb TOoKa UM Hanpsx B 3aBMCMMOCTMW OT 4Yac
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C NOHMEBMHWACTOTH 3 ajaWeranneAPpaToOpRHAaNa TOoOKka OCYaABROpPYBECUMMMBA
-NM@TEeNnNeHHO TpaHCPOpMApOBAODEFEGOWBMBANNOADPDA MBI CUHYycoOumganbHytw (ocuyuwnn
®a3 0Bblii caosunr TOKa OTHOCUTEeNbHO HanpsaxXxeHW®U4A T OXe nocTeneHHDO

pe3oHaHCcy. HakKkoHel, npwu peMMOHMBIHYCMHDO A HaTCMITOlTeeT Makcumy ma, a ¢asa
HanpaxeHua (ocuwmnnorpamma 3) . Ecnn ™Mb 6ygem npogonxaTtTb YMeHbBb.L
amMnauntypa TOKa HayHeT yMeHbwaTbCaAa, a ®Masa ToOKa MRUYBE@XOMUMMNPB X:

Ha3blBaeMbli «eMKOCTHHalh dpeoxmwmex. M cpe3ax WUMOYyNANbCOB HanpaxeHwusa n
Bbl6pocb ((WOFENNOBNEHHbBE XeCTKMUM O06paTHbLBLM BOCCTAaHOB/NEHMWEM BOS3BDP:
pexmmax Knwouyunm paboTawT B XeTHKOeM MPEekA@M™MEs.n [kpm paboTe Ha pes
3axoAaunTtTb B 3Ty ob6nacTb He pekKkoMeHpgyeTcCSsa.

BepHeM 4YacToOoTy 3apjaiuwer o T eHepaad®PRe THCAT B3yHoallkeH npee 30O HaHCHOW 4Yac
UyTb O6O0ONKOE@AAONbRKONbKO UCUYE3HYT 3amMeEaHeoneanpammMmapaxeHndglagnm
MHBepTOpYy nNnopaboTaTb B 3TO0OM PpTepwmaviea TwW H yTTe ManBeapfaUTayTpba paguaT op oB
npeBblWaTb TemMnepaTypy OKpyxatwweih cpepgb ( HET akowEe ef O4/EXMH OH ab bnTabp YH 1 |
MCKPeHnih, nopgepoiBREHMUIT . O.

EcnatTwmcnbTaHNne npoMnpgeHO ycneuwHOo, TO npwu nomown JTIATPa HauyuuHael
nunTtTaHn4 MHBEePTOpP®BAO NBO MKEaHKTO iBpe MeHMW p[foxHa cpaboTaTtTb 3awunta. M
sawmnTte onundlpmaioxe HnhthacZzrpavmBaemM 3awWunTy. K KOHLY HHa@C TMDEOKAK MM aMibb H E
Yy P OBEM®GIULHOCUTHB e pTOpP a. FpaduTtoBble CTEPXHW BHYTPU WUHAYKTOPA KAOIMXKH
LONXHA HanoMMHawTBLO U 3 oHéap goMecH. 0

- ;nﬂ-‘eu‘——uny

e

= Cunosoi
MoAynb
D

~
CuHTesarop
4acroTs!

Pnd4d. "uBepproB npouecce McnbiTaHWI

OcTaBuM MHBe@EA@pPO ( MIBHIYopa&dGEOTATb B pPeXWMEe C MAaKCUMAaNbHOMN MOLUHO.
B3pbBaTbCsi, nNeperpesBartsb C sl aKAKHEEM VT G} K HIOC K BT b, H @PKOAHKHAMIXP O MK U X LMYy MO B
TpeckoHdONbKOoBewWymnsBT.opHC AN BCE€ MUMEHHO Tak, TO 6yjaeM UC YH/ATCaTTPLO MK e
CMNOBOrFrO MOAYNA B « 6 03eaBBLEXP»LUEYHCKIEDNBIEADE H

PaccMOTpPEeHHbBIH TE/OKKE®AWnNe BapuaHT UHBepTOpa GYHKLWOHANBbHO N OJH-
BapuaHTy na6opaToppajoommeapmor [i,8]. c@G@or/beee HafgexXxeH 3a cuyeT MWUC
TOKOBOW 3awnMts No Il@mM OIMKYT B HMKABERIPO/OHPE MOXeT 6biTb pPeKOMeHAOBaAaAH
«NpoABUHYT/OHITEePpHATUBL MWHBepTOpYl,8lonMcaHHOMY B

Apyrune BapuaHTRBOB HBa prab3 e CUMNOBOTFro MoOAY NS

Ha 6as3e pacCMOTPEHHOro CMAOBOTFNO MOAYNS WU AONONHUTENbEA@BINCMOLMWYX E
B c T aT[8, #Mx 8], MOXHO /er Ko " 6biCTpPO cobuparthb pasnunyHbE BapwuaH
ONTMMM3INPOBAHHbBIE NOBagKaHKWpP@AT M@ OWMecsa pecypcb. Huxe paccMoTpet
npnmMepoB TakWMUX MUHBEPTOPOB.

MHBepTOpP C YaCTOTHONK pPerynumMpoBKON MOWHOCTM

PerynmpoBka MOWHOCTMW 3a CYeT U3IMEHEeHUWSdA HRapEmeaHma mMmmul AHdWMo M8 e
B TO/NbKpPaGGI@OEe HHOM BapPmWaBHITAEe TC A, NpQoB@MO NHageXxHON. OpHawoyKATP
LOBONbHO T poMO3agKaa fazkek Ba.awHorBia@galdi cBA3aHHbBX C€C WHAYKLWOHHGBIM
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NnaaBK KO,HCTPY KMOWKHH O cyuwecTtTBeHHO .« oMomeHrod nmyppramob P/IAT ncnonb3o0BarT |
Ha3bBaeMyl YacCcTOTHYIW0 PpPerynuMpoBKY TMOKRUHD CTOAX EL TREOGBE&RG@D, TONbKDO
Harpyakgiia Takoihn Harpyskum MOWHOCTb WUHBepTOpa 3aBMUCUT OT YacToOT
CpaBHEHWKW C pPe3OHaAaHGROPYsHwaw TOTFOKWITNKE Mb yXe€ UWCNONb30OBanNu Tako
MmHBEpPTOpE, onuncaHHDM].BT apma GKET EMOXHO nNpoyYMTaTb M O MeTOoOAWKE pa
KOTOPbLIX MCNONb3yeTCcCHA YacCTOTHbLIWA cnoclob6e prawameddBKkaDkmwAIKMOT PETb
CpaBHWUTEeNbHbBIN aHanmMi3 pas3/IMYHBIX CNOCO6GOB perynmMpoOBKW MOWHOCTMK B

MHBepTOp C€C YacCTOTHON PerynuMpoBKON MOWHO@BM NpPpeayAFaAeds KOABRPY K
3Toyoonpaem NATP »n nogknwyaem UMUHB@®Pp KO eAaen o K@magomx®lsaHO Ha p

R2
® —
K ocuunnorpady %0 CeTb 220 B
(HanpseHue Ha
Harpyske) %

A
T C130 (2
c T
3.0 Cunogeoik SapaoLwmin

L PO R1 100 MOZYNb reHepatop

Rl
e @@

Bnok nutaHms
K ocuunnorpady =15B
(TOK Harpyaku)

Pn d5s. bAoXXemMa MHBepTOpa C YacTOTHOW pPperynumpoBKOR MOL

b Heob6XO0OAMMO OTMETUTbL OAWH HebONbWAIH MHDABTODPdIE VH MTEDKEB DS
HWsA KOTOPbIX cToAaT 6oNnbwne 3N1eKTpoOANTUNYECKNE KOHJeaeima,T 0p
aHHas+ c n X npeapBapuTenbHLOIl B IB/BHEAKIWOWM NUT aHNS MHBepTOpa
eHcaTopax BO3HMUKaeT CUNbHBWR 6POHAKHONMDPPRKEMA WO O HTRKRAA N
eHllyea oOr paHWUYPEOHCKKsa O OHWBHO NPUMEHAIWT PpasmMAYHYW. aMbl TOoXe wncn
Toe pene HAappOAxRaEdlsHo,akk nokasana nNnpakTukKa, B nab6opaTopHLbLX
THAaxe amas npocTeiwasn cmcTemMa NepBYOEHpAe43a 1B H P & H VBYAVPBAGGIX LN 1 pe
efy WMWY HbIM» 3HaMMHEKTAO T 0 pe3mpEpmoma&aMoOLWwWNM ewe ofHOrpon caHdBO MasTeap X
THO, 4TO 3TOT BCNOMOTFraTeNnbHbLIA aBTOMaT [JONXeEeH O6GbTb pPaccuUYMNT:
3Ta 3amMeyaTenbHaa KoHcppdekummePr ad KaBRAhpmBaHanapanA0eBKNIYeE-HHbIX
BaTTHBIX pes3sBcmwpapun BKAWYEHUWNW UHBepTOpa 3abblTb BKAKWYUTBL BCNC
CTpawHOTo He npousonpger. MpocTto (NpM AOCTATOYHON MOWHOCTMWU UHB
Ho ocnaeapBIpoN@a@xXXeHHbBX peBRRBEI@PRGaATHBAE@BCAYIT O Y WBCbNiO B DN €K C
TaKoxkipPyyYyHONW» pexummM 3apsaAfgKWM 9NeKTPOANMTUYHECKUX KOHJEeHcaToOpoOB, Hawu
yemM aBTOMaAaTuW4YeCcKMUIn.

JO< 3w X0 3w
OO0OZT TOWSh
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Pndé.« Pyynaa» cucrtemMa 3apafkum 3NeKTPONUTUYECKUX KOHDPL
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Pa6oTta ccrowmmaoi perynupoBKOI OYeHb HEp OTd @bl B a@le/paeBiH O B K /1 KBUbECHOMKEOM O
HanpsaXeHuHaBMAIMBAaBBTOTY 3ajatler oC yrUSEHCETPBABTHOHDEA P e 3 OHAHCHOMW 4YacTOTH
Tak 4YTO06b MOUKOTPERHONAEeMaSH UWHBRIPT GBXTIMWYEHNMNOWWMaENb HJID CYIceT a HO B K 1
yacToOTb 3ajawwWero TreHepaToOpa Hab BVKUKHKUIAVEAM b B bl O KyQDeo B HI g M P SAKEMILEN
OCHOBHOTO aBTHaMaaMmnepmeTpe Mb yBMUAUM 6GPOCOK TOKa, 0O6yCcCnoBNEeHH
KoHpeHcaToOpoB 651 04Ykeg eMN THEEHCKSB.R Yy K@ NOTpeb6nsaemMbAo TMKH WNMaEa/GEH O rs0, 3 H e
cooTBeTCTBYyHLWeEr o HayanbHOI pab6ouei yacToOoTe 3apgawwer o I € H
BCNOMOraTtTenbHbA aBTOMAT, 3aMbKawwii NPT yH@e M p.adanmarieapea e 0 J1asBt
NOHMUXATHhLb yacToOTy 3apatwwer o reHeparTtopa. Mpwn 3 M@ MpP eHoENa XV MD O
(xenaTtenbHO) pa3HOCTb (a3 ToKa WU HanpaAXeHMWA Harpys3kKuMm Ha 3Kpa
MOWHOCTMN OCTaHaPAOMBPA@AWMEAB O06/1acTN HUXE pPEe3O0OHDOWMIAHSB NEE P@AND®H A YO
MHBepTOpa C€C 4YacTOTHOIW pPoOECTTYW! MNPOOKBAK30ak? . M\HOALL HP U C .

W=~ Cunosoii
_—__Mogynk

CuHTesartop
YacToTb!

Pndr7. O6bwunih Bumag paboTatwuUWer o MHBepTOpa C€C YyacTOTHOMK peryn

Mpumep perynuMmpoBOYHONW KPUBOW ANA Harl PBMW MR P WMMNEDREEA B & 6B a HRO0 AV . 4
BUAWM, UT O OHHae NUHEBH@Ee @GopmMacTecTBaBHoOyBUgAE AWbWXHKpeTHONW Har p)
PesoHaHcHaa YyacToOoTa Harpyskun -B7 J.aHHwolMy 3KcnepumeHTeE

20
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B
\

1.0
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\'\_
02 e —

0.0

MNoTpebaaemas MOoLWHoCTE, KBT

7i 73 74 75 76 77 78 79 80

YacToTa sosbyRaeHMA, KLY

Pnd8.PerynupoBoyHaa KpuBasa AN1dA [JaHHOrNIo BapuaHTa Har

Momunmo HenunHelhHOCTMN perynmposquoﬁ KpMBOI7I n ee BaMeprnomgead eGT e WeT

O4UWH HepgpocTaTOK. Mpn YyacToTe BO3OGBYyXAeHMUSA, HecoOBNBAMHAWISAKEE 1 P e 3
ToKa Harpys3kwu tre dlomemeogpdy ONpWM TakoM cnocobe HEeBO3MOXHOpP Pe@ATILN 3 (
Knwodyewianpunmep, BKAWYATb/ BbIK I IY3aHTABY EKH/NKBY UT,0 KKAO r64JaMT3akkoo K PHEYXIMKAM B O 3 M
TONbKO B6GAM3IUW MaKCUManbHOINIO YPOBHSA MOWHOCTW, KOrga 4yacToTa 3a,

yacToTe Harpyskwmu.

MepeidigemM Tenepb K PapoamBTPBHUMHWBEPEOPOBHMX OGEADMBIATKO
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MuBepT ®®PM-ger yTMpoBKOW MOWHOCTWU

PDM-per ynmpoBKa MOOLHAHC T3 HEMHOT MX MEeTOAOB, N0 3XBANRWILMKN M OpaaE®t
Knwyelh BO BCEM paevraynia3pooHEeKiH O CUTHIB € P T. 0 pAa6 6 p e B w@®DMppoas H a 4 #ese Density

Modulation . T -emoaynsauumsa NANOTHOCTUW OBMBEMBOCE b 3TOTN O @€ MKHIEAK aBY NTBEN,M
9Hepr niw B H@TepSK/yoyHaeM Knwuynjieproga@gBabaHnii ToKa B Harpyske,
pa3 (uwnnm 4Yyepes3 pagBa). B aToM cnyuyae Mb NO0JKYY ICM OC[BEJHIIIB €EMAIOH BC T/

TpWMpas3MeHb WY 0.

3pecsb MO XHO npoBecTMH O4YeHb HarnaAaHY©O aHanorwutio ¢ Kayensasmu,
MpepcTaBbTe, UYUTOKA&BEMP/THKE@EeR aXIobriig ap ao3H Un Xn B/AMK A L TTOT,bY@®PE3 pas u)J
yepe3 pama. BMoObweponyckaeTRO TOAKMHEMYY DBl € HGXUTPOMY» anropurt My, no
KaKkeTiocoBepwWeod®O6bIl BapuMmaHT OBeVBRHENMNIWAM TY Ab KOReGaweWOoOTOpbLA 6011
BCEero HpaBuUuTCSH Babed peRDMWLEKe.

pHemMcAa K UVHIBOECKTBOKDYY . yacToTa 3afjatwero reHepatopa 6nnmska K pes
o4y n BCcer ga 6yayrT nepexknwoyaTtbcA B 6/PDM-na W3y nf K aroke . 3 HBeop rmpie mMs
aKkayunmsaeTcCsa») KOHTYp coBepuwaert CBOOGOAHLIE Koneb6aHmsaBOo BB meaws
0o60AHBIX KOnebaHWNn 3amMbkaeTcsas numMb6o Yyepes BO3BpaTHbBE [gunoab K
TaHua, nuBocvepemBWpPpbLTHOIM-Bay3ax HUXHUNA KANKWY noanymocTa U €ro B,

00 A X @
Sm® IT SO

BeEpPpTOpP C YacCTOTHOW perynumpoBKHHIbINMOBLHRDEE Wbl 4 WHRECT VBE PEPRBHNT €N
ocm@eBpauwaeTcsd B nRDMeETymnEgom.alimse STO0Tr O HamadoTlypKkHIOT b 3apjpgat
HepaTop Ha PpPe3O0HAHCYCCT aliad BPERKY0 i3 aujatloWMmMm T eHepaToOpPOM WUT KW NOE
3 blBaeMVMRDNM-Moay OPT, KoTapbllionpegeneHHoOMY 6§meaop wrmbo nponyckarThb,
ponyckaTb ynpaBnfwuWwme MWMNYNbCbl H@X €A 0BAOKIO IM® AWHIBe p Tboipad9n ok a3 a

b T i Bl
Q T T

R2
® -
50
K ocuunnorpacy CeTb 220 B
(HanpskeHne Ha
Harpyske) VI
A
™ C130 c2
C
30 Cunosoii PDM- M 3agatowmii
L R1 100 MoZynb mogynatop | | reHepatop

el

Bnok nutaHus

K ocuvnnorpacy =15B
(TOK Harpysku)

Pnda. Bnok cxema VPDBl-@PRTYPMPOBKON MOWHOCTMK.

Takum o06pree3nmo,1bk PDM-B0 4y NAaToOpoOM.

Mo gy /PBM-Mmo oy naTopa

OcHoBHasa dGyRDMwmwAp ynaTem@PponyckaTb TONbKO oOoNpejgeneHHOe KonNumyectT
MMNYyNbCcoOB, nocTynatwuwmx Ha ero BXOA oT 3apgawwer o reHeparTtopa
onpepgendetrca TpebyeMbiM YypPOBHEM MOLWHGG@CT UMHIWHKEET TBOP aa /mrpinp e a0 e i, 1
KOTOPbLIX MOXHO OCYLleGTBUITGKNTBEAKH®®R O04HbX WMNOYOObUCHO B3 H U X, O4YeHb
YLOOHBWA A8 peanum3aayumMm Ha MUKPOKOHTponnepax[3,8hoak obmme paaicmMoOTEg
MOAYy RA O MOXHO H@PMTIWXBHAPY KOWNaTl[de8], B CaMOM KOHLEe KoToponhn kpart
BO3 MODXHBIE BapunaHTb er o xcenw@DMavoma HIIAST .0 p a c CeEpPBUCHBIM MUKPOK
XNAgKOKpMcCcTaAanamyeckumMm agmcnneem2ipeagcrtaBneHa Ha pwuc.
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ATtiny2313 ATtiny2313
Pn @Q. Cxema WwWDM-yogymapa
Ha MUWKPOKOHTpPIKhn@epasnns3 osadHbl CepBUCHbBIE OMPOKLWIKHONOK, ob6cny:
XMAKOKpUCTannmyeckoro agucnnesqa, M 3 MeNredHamea  wa cnreoddS4ARABYXa0T/aHE00rBo/1 € H H O |

nonb3oBaTtenem PDMp® BVHMAK p OK OH T p 0 11 € pPDMenOMDY /DAAT, 0O P AN M3 0OBAaHHOT O Ha |
MUKPOKOHTpPpOG2Zn Ko nKka «llyck» B LaHHOM 3afjave He mcnonb3yeTcsa.
mMcnonb30BaTb ANS @Owpymmrkvepelivar HolaT p 2encpkenX)T aB/1eH BWUJA COGAP.aHHDC

< 7
% 7

e 22 / 7
Pnel. O6wni BwaPDMengoyaiysn 8 T o p
Bce wmMaTepwuansl, Heobxoaunmbe Ansa PDMV3MOoOATYOrBAITEBHPMAAH OM OHYNTAM B A O M O /T H U
MaTepunanax K AaHM ®ih namRbiesGontrol_375 .EAnHCcCTBEeHHAaAZa per ypasp OoTBPKead y eKTocT

nNpuM NepBOMHBKIWIOT a HOKBOKHP a C T HOC-IUCIXKrepanm n o mpeawvn ¢ TRRpmuc. 20)

MpakTnyuecknmim npmnmepPDM-pREe Yy TOP®BE O MOLWHOCTMU

BctTaBnsAaem roToBPEM-MoIggyABMEPKILY CUNOBbLM MMNHYRSM TWACOM T bl. [lnaTb MO
CMHTes3aToOpa wupavomyNBa@HeHb Tak, YTO WX MOXHO pPacnoNnoXWMTb BNP.]
COOTBEeTCTBKYHELMIME O POTKMUMUNU XecCcTKUuMU rBumqes ongiHesrekpaPDMpme rcy 1M poBKORW MO LWH
B nNpouecce T ecTowpasseaaHH n2d. pwunc .

Moayns PDM- CunHTe3aTop

MogynsTopa 4YacToTs!

[ -
Pne2. WNuBepPDMppecr y NTMpoBKHOCMOWE nNnpouecce paborT bl
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Ta C TaKu®emMWRBEPBIO/PHIPH® CTa. Ecnwm wm3BecTHa pes3oHaHCHas 4yacT
ouwero reHepaTtopa ycTaHaBaAuBaeTCHda 4YYyTb Bblle pPEe3O0OHaAaHCHOW uya
3abbBasa npo 3apapmHb3bBiT e P e 3HackaTunem KHOMNOK» « MO WK Mo Wb-»C T b

HaBnnBaeTcsa TpebyeMblii ypoBeHb MOWHOCTMW MHBepTOpa.

xe pe3oHaHCHas4 yacToOoTBAHaAM@Q/N @3 BOCTHNAAENMOTOUYHO Tak xe, K ¢
nupolewe., BK/MWEWWEHBbLICOKOT O HaHmap A& Mague M I eHEPaH dPEMB 4acTOT )
LOMO ©60/1bWe pyeasCOTHOATHLC HHOAIflp M @ €KNTKBH @€ M BbICOKOEe U Bbic TRDBMIHae M Y
mnnwu 20 %. MnasHO NMOoOHUXaeMm yacToOTYy 3ajgatwuwer o reHepaTtopa

MTyany cCcuUur.HAEDa MDKKH® cpapenaTb MHOXecTBOM cnocobos, HO Hac yc
ppe@dnmnmyecTBO nepuopgos Koneb6GaHMNI TOKa MarpyoKenByIMol un yimwc
BeTCTBeeiBlO TpOoOMKa 4YacTOoOThbl B blINO NpHerHyan n pTyesnROMpo BailcHE aB/1SeM Tpeob
€Hb MOWHDPM@TYynnabeomr ek p a

nnorpamMmb ToKa W HanpsaxeHua nRDMNow&@aw @ambK BB NPpmaarerxnsocuyumnnnor
o] BUpeTbL, 4yTo nepexnwo4yeHwue Knw4yei (pOHTBH -uKkeopBBEDL ULBAT
nnorpammM) nNpouMcXogAT B MOMewamppPremBOK, KKBYyABD (OCGLUMANYIOOPAN
dlpn HeobBXoagMUMOCTMW Takolh PpPexXMM [fOCTUTaeTCANKmMY MearM THAT BIO J3HLTAEC
paTtTopa. Mbl BU DM MMWUYWMEBO,L0T YacTOoOTHGNS IPKkeviphe Ko Ekep,e K 1I0O4Y e HB S K [
OM cOoyppiaaleaeTCcda BO BCeM AgMana3oHe MW3IMEHEeHUWHA MOWHOCTW WUHBepPT

PDM = 25%

PDM = 100% :
' T [ a—

WA TH T

Loov __ BM00us |
H Oy

Pnei3. OcuyuumnnorpamMmb TOKa WM HanpsaxeHwusa RDMM pasnmyHbX 3

Ha2dpmpcu.BegeHa peryaupoBOYHAsA KpuUPDEpeL yMVPpOBEODTOM® WEHOCT W .
HEMWHOCTDb OTOWMHPEr Y PUBOBOTropasB@VMEHIBIWAHBEPTOpPA C YacCTOTHDOI

18

16 /”
. 14 /
/

MoTpebnAemand MOLWHOCTb, KBT
; ‘ ; [ N
" . w oo R

PDM, %

Pne4d. PerynunpoBouyHasa kpusBasDMpear ymBseg@soO@Aa MOWHOCTMN
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PuncyHkwn 23 " 24 mnnwctTpupywrT LBa RDMipEEHWLIMPOPRUMMAQMOWEEB HE HNE
«MATKOTFIO» peg@BMAKWYEHNWA KNWYelhh BO BERWIMM@FIKAB OMEGWHOCTMW W pgocTarTt
perynumpoBoYHaAaA3xXpmMaB8@MbIE & 3YTCONNOXHEeHnWeM JITOrMKW ynpaB/eHUA CUJOBBLIN

ABTOoreHepaTtTop C perynuMpoBKOW MOWHOCTWU nNpu 0

B npegblgyuMeEpa@apP  MMbl MCNONb30BAaNW «PYUYHY» HaAaCTpPOlhKY Bapged®0o BaBa/
Harpysa®mmomMaTunyeckasas nopgcTpolimgmalayada@m@mMbl MHANY)L 1o OHH®GIMG OH airep eiBal g ¢
MPUWHLUMWNMWAaBIaH) T . K . LOBGPOTHOCTMW Har pyns3,0Ka OVO3bIMEHIHIE HHAEEB bICEO3KO H & H C H O
cyeT nepexopga TOYKMW KOpM UMUAM U3IMEHEHMNA T eoaMeTppEaBmMmM@,EA DYOHREBHCHS
BenwKAnsrakm®xajgawpas3d o BaxXxHee aBPemyTnImPpOBBKaAA MOWHOCT MU U H,B ekpCTToPTEAN ,
CpaBHUTEeNbH@empUMBTY®TCA N ppPOM-m@woigr op a .

Tewm He Me Hee, ANy O4YeHb yooO6GHaA H a npakTuke, T. K. mnzbasnaert
«KPYYHOMN» HaAacCcTpPpOMNKWM YacTOTbl, HanpuBie®Es A :NP NP &CAMEMHE@T H/AM PEABE WMaaHPTyOo B
MHBEPTOPOB, C HTaabKoelH HIbYXH K LL 1 e i1 .

B cTadp& Mbl aHanuns3sIunup@aBa /MM Hbe CABDTOMT UURCEOTPOWKN YacToOThb naboce
MHBepTOpPpa MU Ha MOAE/NKOBOM WMPBOEERMOPE TTPPMVP OBaAMHBGIO Nee pacnpocTpaHEeHH
Onsa wuHBepTRDMege  rgynmpoBaHMEM MOWHOCTMW HavédOaO® ep ¢ a/oildH & ssnep/usH L M Ny

aBTOoOreHepaBo@ga&TorlrewKeipamRope NPoONOpPLMNOHANbHBIA BBXOAHOMY, nocne c
nogaeTcsa Ha PX@p TKBE 4YTOO6b O0O6pas3oBbBajsacb MNOJAO0XWKTPeA pIHEA acd @ p &
KoaddhmuyumneHTe ycmumewmwpauwom cBA3U, B MHBepToOoOpe ©6ypeT Habnwpgar
CYMMapHbA KO3 hphnumeHtT ycuneHma BCceW uyuenum obpaTHOW cBA3IKM 6GypFge
yacT®HMag py3sku, TO YacToTa aBTOreHepaTtTopa KOppenupyepocBRK& WHEOTO
ocywecTtBnsserTca 3a CcCYeT YacCTOTHOW M36MUpaAaTeEeNbHOCTWU HaATlpPy3KMU.

B 1oke pab{rT 8] MBI BbIACHUAN, 4yToO 3ajgepxkKnu cur Hana, dead+imen B neH
OBYXTaAaKTHBIX CXeMaXx 3VaHBEMPRKPWIB B Agpapmepa¥dT K TOoOMy, HEBeEe pawro

MOXeT 3aMaTHMHiaTbP®B3@AAHCHOW YacTOoOTHAPM HATEWM3I KMWYM HauvyUHaWT pa
ONTUMManbHLX pEXUMAKTPAaHEHNWA 3TO0IWB O0UceoNtbe HIHO/TO MU T E€ENbHON PBPBHBEPAMHOMN
ewe OAMH MOMOMBEHCATOPPKKMaDEYyLWeCTBNAWWNMA oTpuuaTtTenbIiCbliHe®mBIBILN |
M3MEeHEeEHMWAMMU 3TOT Xe MoAYyNnNb Mb 6GypaemM mMcnonb3oBaTb W B faHHOW pa

Moaynb KOMMNeHcaTopa 3afepxkhmu

CxemMa MOAyns KoMneHcaToOpa 3afepXKWu U TFTOTOBOMNW nnaThb nNnpepgcrtasiie,]
ABa [OONONHUTENbHbLIX pPes3ucTedMHa, 0T K @BTadipystek OoPOATIY Ko MM e H C a/Tyoplaa tosra g

cTabunmnbHocTb paboTw IYH, n o, ocnpvacBaHHeHHEMMB]BC Mo Ay ne m
+
2 Ty
UMAX942 E—w Yo

c2 0.1
74HC14 | 100.0 0.1
L L7 e L

2 14fpcain

vcc
PC20UT

PCAIN

cA VCOIN
cs
10 1112, ; Vo ouT
SHinH R2
1 [V R1
CD4046BE
Pnc. 25. Moayne KomMneHcaToOpa 3apfepxeck

MoppobHoO pab6orTa KoMneHcaTopa pl4,c&]m o0 T3poeeHCabT (BR & GOTXaMrebTeM M, 3 a4 To4y e T
mcnonb3oBaHuga R3EnoévYyHunk poc x Elher eHepupyer cur Han, onepexawuwni n
curHan., obpasHO T O0OBOpPSHA, KMRXOMUECBKTOpAMUTA T € TbHAasa 3 afgepxka» BXOAHOTO
MONMTHOCTbLI KOMMNEHCMpPOBATbL 3anNas3fjbBaHWUEe cuUlTHana B CUNOBOM MOAYyINe

Ana ypob6cTBa, BCe MaTepwuainbl, HeobXxoauUuMbe ,gNMVMWBMANBBAMUNA3IBER
npmyo6nmpoBaHb emaagpPWmBI0OB K pfafH®ih namNeg 8%
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OndhpepeHyumnanbHbW TpaHcdhopMaTop TOKa

3pecb Heobxogummo obcyauntbClnueaosomH TRODBMWONA obOGpaTHON cBA3U, KO
nogpaBaTb Ha BXO0OJ4 KOMNeHcaTopa 3ajepxXek, nponopuunokKamReas pT,aeK y ,
KayecTBe fgaTumkKka ToOoKa MUCNONb3YyWT ODHbIAPAaH CHOHUMEMT O IT THIKKRA KM N p
NabopaTOpPHHMX UBBRBATOPL AONTXHbB UMEeTb WWPOKWIA AuanasoH perynumposKk
MaKCuUuManbHO B 0 3AM OTaIOH/OKleG 0 3 fa e T onpepgeneHHb e npo6nemb npwu M a N bl X
XapakTepHble BbLCOKOYAaCTOTHbBE HABOAOKRBRHMWCOBMOMEBEHEILAMNN G €EPPEMOAEHLMN!
aMnantTypage CTaHOBATCA camMVaeT aBnam cldxmMe p HTaaBKOAOXO K MIOOKCHMDO T pHeAT b
pnc. 2Gpasar ge OHM BblageneHB N KPpaeBvEpKw T npunxofcmam PATMNY KoOMNDEHC:
3afgepXxeKk U B ep&3WHEBTO8B3MOXHOCTUNU paboTb BCEeW CUCTEMBI.

TT1 - 1: 2x100
K16x10x8 M2500 HMC

BT

n

Pnc. 26. IBpMmMM&KkpPyYacTOTHDBX HaBOA4OKM HE@X ecMa HAEWJR®) e poe HLpraaHcbqHooprMoa T 0 p a
TOKa.

XapaKTepHble Y acCHAoBTObLLMXDIN X BbllWe paboynmx YacTOTT BB BATCOHAPTEK UN MeT al
MO3STOMYHMWCPABHUTEMPIWE TOOT PN N b T P.0 B aBTabHMH 0 11 pa6orTe anas 3T O uenmnu
onddhepeHyumMmanbHbBN TpaHcdhopmaTop TOKa, cxemMa KOTOPRPDODOPUWIHPHIEB e@ @M @-
MOTawTca O6uMdbuUuNnapHO. 3aTemM KOHel OAHOW COeMEHSCEIT COBROD@AH DWAKLT DT A |
HaBOAKMW C ABYX BTOPUYUHBIX OOGMOTOK BamWmMMHPAHKO@MAEWHXB@HIESTT ACYy WecC T
CHMUW3UTb YypPOBEHb NOMEX U NOBbLCUTbL HapexXHoOoCTb pab6boTb ANY.

Hy omemepb Hac eGcgTBTEHH@A&I paTb aBTOlreHepaToOp.
NMpumep aepPamTeopa C pPperynmMpoBKOW MOWHOCTMU NPU NOMOLM

Ona pas3sHoo6GpepBaMBBaApMaHTeEe aBNWGYHewagOPRIMEPOMBACEL NPW NOMOLWNU
Takoih BapumaHT MOXeT ObTb WUHTepeceH AnNS Tex, KTO He wRDMeThbr®H 3 ¢
cxemma meiB@& pnoKkasaHa Ha pwuc. 27.

NATP
—
K ocumnnorpady | CeTb 220 B
(HanpsxeHue Ha
Harpyske) *—
A
T C130 cC2
C
3.0 Cunosoi ‘-_@ KomneHcaTop
- R0 voayne R
c3 APVaravll
n
T
R2 10 5
" oK qugHm K ocunnnorpacy
l)—’l—(' J‘
VD1, VD2 - 1N4148
0—|< L

Pnc. 27.-ckgaomr aBTOreHeparTtopa
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Pa6oTaTb C TakuMmowWeHH) P T.0 pBamoHvayane pab6boTbw JTATP ycTaHOBAEH B H
numTaHWe. HauyuunHaeM nnaBHO noB@paBuBaawepyVYHy Kk AATEHC@ROpa awaigep
hPakTMUyUecKU KakK pf[eXy pHBHIgaeTH eplBHF/OMAa Tb HO BO3MOXHYW YyacToTy,RS50npe,
M eMKOCCEpuc. HO)pm [OCTMUXEHUU HanpsaXeHMWS nNUTaHMMsB O0IBHBTERP,T OP@H eyt
3aBMUCUT OT [AO6GPOTHORBAMMY H@opayBamMyBEREAMEHERPATOP HadYuMmHaerT pab6oTa
6NMM3KOMN K pe3oHaAaHCHOW YacToOTe Harpys3kKkwu.

Mpwn nepBoM 3anycke aBTOreHeparTtopa Heobxoaumwmo oTperynupoBaThb
KoMneHcaToOpa. OT0 pgenaeTca nRBUp MO.MIBOP eP &ITMWPOBRE GO XT DN MO YTTOKO bl
as3a curHana ToKa <coBRnana € @Ga3 ol cufyyasjba 3HAMAEIEEBEEMA. H &1 hp @ |
CUMrHana HanpsasXeHUsa O6YyaAyT CUNbHbBE «WUT Nbl»

Ha 3TOM HacTpoiika aBToOreHeparTtopa 3akaHuynBaerTCSH. ODanee, noe
HeoxGlOAUMBIA AnNnaA pab6boTb YypoOBEeHb MOWHOCTW WUHBepTOpa. B panbHelwweNn
HUKAaKUX [AONONHUTENbHGMN HRCa3TRINEAp XX e K yoer pieddy 02 p/ba gpaboTb o0cCTa
TONbKO «pyHaapydyka JIABPpPmMc. 28 nokasaH aBT @ceke palO@®@F bB N poLU

Pmc.8. ABTOreHepaTop B npouecce paborThbl

ABTOoreHepBDMeppercy TMpoOBKOW MOWHOCTMN

Hy © HakxKkoHewLy, AnA 3aBeplweHMa feMOHCTpauuum B O3 MGBHECTOQEOEBEHEAN T
aBToreHepatop Cc 6o0oNnee «NPOABMUHYTBHM» cTmwcov9emM fATHRANNPOBKBY MO WH ¢
cPDM-perynumpoBKOW MOWHOCTMWN.

Bnoexema ero nokas3aHa Ha pwuc. 29. B npuHuywnne, BCe Y3/1bl 3TO0OTO0o WU
NATP (He 3abbBas 0 3apajgHOM pes3ucTtope), a MexXxAy CUEOBBET MDAy A
yXe 3HaKOMbi HEDMwoOLWMBHT 0P a.

R3

® —
K ocuunnorpacy 50 CeTb 220 B
(HanpskeHue Ha
Harpyske) (VI
A
T C130 c¢C2
C
3.0 Curiosoil PDM- [ KomneHcatop
L R1 100 mMoaynb MoaynsTop | | 3adepxku
c3 OYYaa
G _I_:vv\
T
R2 10

L d Eno: qugHm K ocuunnorpady

[ 14
VD1, VD2 - 1N4148 “_N_" T A
- |

Puc.29. ABTOT PDMeppearTyoypuy pPCOBK O MO LWHOC T U
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Pa6oTa ¢ Takum aBTOreHepaToOpoM He MeH@@pMpeT ORQ C /Mee MB KC/T HOHPeeHMBAL, YT
HaynmHaeMmM yBenunmyunsaPDM. yhaoBeHBEM 45% (4NnA BHawu Harpyskmu) «cpabart blE
aBToOreHephloopa. aTtara®@T@sa TONbKO BbHCTAaABUTb Tpebyeamwmii NYMORBUMH BT € M C
CaMblXx KHOIM@kK p umc3.o 63p0a X e Ha BHTaowl € H e pRDM®p npouyuecce paborTbl.

Puc. 30. ABTOT PDMeppearTyo/pu pco B K @IT TNMO LW H

Ha rpadpukax pwuc.31 MOXHO BUJEeTb Kak NPOMCXOANT «3aNyck» cCcuUCT
yBenunuyePDMn Tam Xe mMm3obpaxeHa U 3aBUMCUMOCTb nNnoTpebnsaPDMIi MOWHOC

74.0 20
-

730 T == 18
-
g 720 * 15 0:9_‘
T 710 =
o F1a §
E 700 /{ 2
g g
69.0 =
] /—-. L0 o
E 68.0 f /. | os g
© 670 7 -
5 1 / - 06 \.g
g 66.0 / g
£ 50 /r 04 5

64.0 - 0.2

—
63.0 - 0.0
a 20 40 60 80 100
PDM, %
Pnc.31. 3aBMCUMOCTb YacTOThb aBTOTleHEePpaTwPPMT 1 noTpebnsae

MpnmeyaHne K aBTOlreHepaTopawm

PaccmaTtTpunueBas gBa NocCcnejHWX BapuaHTa uUHBepTOpa, 89 ynoTpebnan T
obpaTtTHON CcBHA3W CTOWUT KOMNeEeHcaToOp 3ajepxek, KOTOpbWA umcnonb3ayer
TONONOWRA®TO Ha3blBalwT «uHBepTopamMum c OPAMNBeNbBROAP CEPMVEBHWEIOH M4 € C K
Ho no cyTwu, QABe nNocine/BHWeAKMEWPERY OWWHIDCATCHA K aBTOreHepaTopawm,
aBToOnoOACTpPOWKM yacToOTh Yy H 1 X cBA3aH WMMBHEOTWL®EN MHaAaODPRAGID A N T
XapakTepHOW pnsa aBToOoOreHepaTopoB, a He 3a CYeT MUHMUMU3IaOLOKapas:
HanpsaXeHWa Ha KOHTYype), XapakTepHoro agnsa ®AMNY.

BolBOaAwl O06CYyXAeHUE

MTakpl BIAKOHYMUAM [EeMOHCTOPaAaL NHA LBEOI3® OCH HIOYCKTTEOHRHBO P aTOPHBIEPTOPOBT
ermpakTnNyYe@KODOb30BAaHNS BpenyeHyeiccpea3 TNYHBIX NabopaTopHbX 3apgady
CBSA3AaHHBIX C MWHAYKLWOHHBIM HarpeBoOM) TMnNoKa3bBaerT, UTO Takoi nojy
KOHOMSA MM BpeNMa8T®AKT MYECKNU Takori Pk 0<H3CaTKPPYbKB 1160 PRI ® P BIEE 6 HOC T 1
HBepToOpax C MOWHOCTbLI AWY AETKOOIbKNX HBTKONbRMKMEEHOMT TR KHA, K 3 &
HOYKUMOHHOIO Harpesa, [l eHepPWPOBAHVJMO L4HYABLHTBPBAE K B0 M Naa3 Mbl K

=S 0
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Ut o xe pgaPRaGuem™b B HanpaB/eHNMU pa3Bunutunsa «KOHCTpPYKTOpa», cKkope
OCHOBHBMCTOPOHY MCNONb30BaHWA 6GoNnee COBPEeMEHHONW 3nNeMeHTHOW 6as
MOAY NewxXx UMHTerpauymbpdopMaLNOHHBMMO-—TCOTIHSEWC POHOBOM pexXunme»r.ndBOH&D N
LeNb «MHKancynsauusa» 9NEeKTPOHHOIW yacTwu 3ageMmyec@nr OT OBKWUN e U
MCNONMb30BaHWEM IBHIBER/POROCOTBAT HZ TATOMN T OUYKIBK GIPEHWMEHT aToOpy ocTaerT
Bbl6pamompgX o gMBimpmrmaHT MHBepTOpa M cobpaTb €ro U3 XeeagBHUROEMDAOYAB I
3KcCnepnmMeMHTAACTMN UHBEPTOPOB) Tenepb CMeUWawWTCAT /Ba CCOTBAAPHOMHIY KpPOaH3K e
Har py.3ofKlo cyTm fdena MMEHHDO «Har py pmaoMo pa@y|11eoc T BHISIPOT U U B bICOKQC
9N1eKTPUUYECKMNX Koneb6aHWK O0TBBE TOHTERPYHWIET CO NO0NA (TepMnmuyeckor o,
YyNbTPa3BYKMOBOM®@®EMOXHA /1WH KOEAYKAASE YHU DM K@@ anpouyecca? [Koakka MNHOEK asBcaH
COBCEeM HebONbWON 3DABIAHMKAC NDANIGOPAaTOPHOTrNo MWHBepToOpa ANA BO36YyxXAage
cpefpax.,cndmable hu3unuvyeckhe caa@grHBI Ny BNeKaTeNbHbe.

B 3aK/I0Y exHmeTC A NPpUWK®GTIE KT MBDIOY IO T p axhHie T bip emxo 4y N enits KOHCTPYKTOC
NabopEHTbIX MHBEPT KPEBH ENNOXMOT PY AU AMEEHHCE AT B U

kb SN

- "o
ARSI R
S ).

4

\

sal®

ot 7 e i : o P d
Pnc2.3 Mogpynu na6opaToOpHOro uHBepTOpa, MCNONb3O0OBAaAHHDLE E

NTntTepaTypa

1. KyxTeukunih C.B. TNpocToih nabopaTOpPHBA MUHBEPTOP ANA MUHAYKLWOHHO
http://www.icct.ru/Practicality/Papers/30 -03-2010/Invertor -Ol.php n n wpdf-e epcu a:
http :// ku.nextmail .ru/pdf/Invertor -01. pdf

2. KyxTeukunih C.B. TpocToilh nabmpaTwopmHpKLL mHmBle@T® pHar pesa. YacTtb 2
http:/Awww.icct.ru/Practicality/Papers/05 -07-2010/Invertor -02.php n n wpdf-e epcu a:
http://ku.nextmail.ru/pdf/Invertor -02.pdf

3. KyxTteuknilmnGpbdBoin mMogynatTop NNOTHOCTW MMNYyNbCOB ANA perynumpos
http:/iwww.icct.ru/Practicality/Papers/ 01-11-2010/Invertor -03.php n n pdf-B e pcun a:
http://ku.nextmail.ru/pdf/Invertor -03.pdf

4, KyxTeukniCn@.c®H.6bl nopgcTpolikm YyacToTb nNnabopaToOpHOTIoO MHBepTOpaAa.
http:/Awww.icct.ru/Practicality/Papers/08 -04-2011/Invertor -O4.php n n wpdf-e epcua:
http://ku.nextmail.ru/pdf/Invertor -04.pdf

5, C. B. KyxTeukuin NabopartopRbple rnyHmBreppoTBoAGpH e M MO WLHOC T 1 .
http:/iwww.icct.ru/Practicality/Papers/16 -05-2011/Invertor -O5.php n n wpdf-B e pcun a:
http://Awww.icct.ru/Practicality/Papers/16 -05-2011/Archive/lnvertor  -05.pdf

6. TpaHcdop ma T.ohitp:/bse.ru/ransformator -toka/

7. [LononHMWTenNbHbBE MaTepwunan bhtp/dg@apbexaoadn/uldrH40608/levertor -07.zip

8. ApxuB Bcex cTaTel nopdiie vgomomhwp M TIEHbBIE MaTepuanbl K HUM
http://dl _.dropbox.com/u/47040009/Invertor -All.zip

11.12.29.00.48
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http://www.icct.ru/Practicality/Papers/30-03-2010/Invertor-01.php
http://ku.nextmail.ru/pdf/Invertor-01.pdf
http://www.icct.ru/Practicality/Papers/05-07-2010/Invertor-02.php
http://ku.nextmail.ru/pdf/Invertor-02.pdf
http://www.icct.ru/Practicality/Papers/01-11-2010/Invertor-03.php
http://ku.nextmail.ru/pdf/Invertor-03.pdf
http://www.icct.ru/Practicality/Papers/08-04-2011/Invertor-04.php
http://ku.nextmail.ru/pdf/Invertor-04.pdf
http://www.icct.ru/Practicality/Papers/16-05-2011/Invertor-05.php
http://www.icct.ru/Practicality/Papers/16-05-2011/Archive/Invertor-05.pdf
http://bsvi.ru/transformator-toka/
http://dl.dropbox.com/u/47040009/Invertor-07.zip
http://dl.dropbox.com/u/47040009/Invertor-All.zip

bBnaropapHocCcTMW

Pa6oTa BbhNnONMa@awka nM@wHiaHcoBON nopgpepxke OXHM PAH K( Mp ek 17 4N85 .15... D

MpunoxeHne 1. ntipaswKomrweae e

Momck HeumucnpaBHOCTEN cNenpyevoCcCNpEPBAMEHNbLBOTAKON N

1. Ha BCcsAaKui cnydyanm HeobGXxopgumo ybegwmTcsa, UyT o RA7) mowEXICCoEB VA IRBES P D
curHana. B npoTumsHMME HMTWY @l MO OY KY HaAT pPpy3KM.

2. MpoBepseM HanAnMyme NUTAaHMSG Ha BCeX WWUHaAaX.

3. NMpoBepsaeM CUTrHanAn Ha BbIXOMHea NO@H e@a TBOXpog] e c wo ICt)o p alfyBnsbB KaiCc WM 1A O T [
LONXHbB O6bITb NMOAKANWYEeHbB K BboBlGlmapMlon xe H3 6GIFGsM/mMM)E A g HEegome Hee 4
Mpun BpaweHWUU PYUYKW pPerynaumupoBKMW YacTOTb ANWTE/BbCHOKTIBE TUCM MBYY/IOHLE
06pas3 oM HM3ITM C A .

4 MpoBepseM paboOTy ONCTUOTPHAA3/B A& UIELIX 03geeMN A HOMW Wy n ocuyuwmnnorpadga n
COOTBEeTCTBYLWNIH WTbIpEK, npMunasHHBIA K OOWEN WMHEe nnaTbl CUMOE
OCTOpPOXHO. Ha 3emMnAaHOM NpPpOBOAEe O C L MBLICOOrKpMalid an OMroexHeuTn aofik.a 3 a T b € A

5. NMpoBepdgem nocnepgoBaTtTenNnbHO Hanaubld, BIPr BAlnvmD2R2a BbIX 0L

6. Ecnum mcnonob3yeTcsd AOBYXNyuyueBOW ocumnnor pad, TO nocmMoOTpeThsb E
Bbixoab2d nD22. YbeanTbcsa B Handeadutimen ale bimedamyponxHa 6bTb OoKono 5

7. MpoBepunTb HanNnuuune curlOagspea NBaE peabl X d@Bxkk a 1

8. MNepeknwunmtTb 3eMNSAHON wWwyn ocuumnnorpa@a+ K HBLIXDEKW BIBO pIg2) pHa (
MocmMoTpeTb cur HakWO (HHO BKIEED T e

9. Ecnun nyH-BT®Ep DI gyecHTE WH O, a curHaRapeaeerT,pncpegopboie mMa B CUNOBbLIX Tpa
VT1, VT2.

MpunnoxeHwuwe 2. HacTtTpoinka ypoBHA cpabarThblBa

Oa . Ha nonHocTbi coObGBpaHHOM MOAgyne Cc pabouyeihn Harpyskoihn. Anropwur

TakKkoB

1. BoicBa@aAeM MaKCUMaNnbHYO HYYBCTBUTENbHOCTb 3awWnMTtb (NON3YHOK pes3n

2. Ocumnnorpad 4N A-HKA HOYpHOT.A 3 eMNtio He nNnyTtaemM (PBYOEEAOELWECRAHAaOH
ocuumnnonpalkhe KpPAGRXHB @HPWMULATENbHbBE UWMNOY /b CbBKeHaME HIAA LH/aHMT A

3. BknwyaeM BCe nNunurtaHwune.

4, NMocTeneHHO yBenunyumumdeom HADMAa XxeHNnNe NUTaHMA MUHBepTOpa B CcNyyae
noMouwn JNATPapniwgaem 3a UpmyawarmMP.DManpsaxesHammyhta cpaboTaerT.

5. 3arpybnaem cner Ka 4 y3sammwnsr e(IkepHyoTcive R1 4 ) .

6. C6bpacbBaemM PDODMammaReHNWe nNUTaHWB WHBAPTEAP@ACbBIBaAaeM TpUrrep 3alm

7. Mepexogunum K wary 4. Jo Tex nop, noka He pgoinpgpem go 100% PDM nu

3 KpaHe ocuyuwnna (B nepecmé;u,eTHa HQEHEHBHEIMA3H8.‘—IEHVIHM Ana -aaHH
BbIXO0OAanMM U3 umnkKna.
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