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Per11cTp11pyromaS1 annapaTypa J:lnSI !pH3lI'l8CKIIX aKcnepl!MCHTOB c 6blCTpb!MII 

CUHHTHmiSIUIIOHllb!MH II npyrHMII !l8T0KTOpaMI! '!aCTIIU Bb!ITOnHst0TCSI Ha OCHOBe pS!!la 

cxeM, K KOTOpb!M OTHOC5ITCSI qiopMHPOBaTenH HMnynbCOB C !l0T0KTOpoB,CX8Mbl coena

ne11111! II nponycxaHHSI, pa3B0TDHTenn II CM8Cl1Ten11 l!MnynbCOD, HHTerpanhlll,10 11 nmt

,t,epe11u11anbllbl0 !lllCKpllMHH.aTOpb!, nepec'!OT!lbie CX8Mb!. npHM0HSIIOTCSI TaKJK0 M11oro

xa11anbllbl8 Cl!CT0Mbl: ronoCKOITbl Ii MHoroxananhHble Bp0M01lllbl8 a11an11aaTOpbl. Oc

llOBHOe CO!l0p)l{lll!l!0 IIBCTOSll!leA n11ccepTllUIII! COCTanmieT paCCMOTpe1me nepeq11cneHHb!X 

Bb!We Timon cxeM Hll OCHOB0 paopa60TOK, Bb!ITOnHeHHb!X anTopoM. 0TnenbllblM, Hal!-

6onee •BaJKHblM 11 Mano ocaemeHUblM n n11TepaType TeMaM npe,cmocna11b1 nonpo611b1e 

o630pbl co cpan1111Tenbllb!M a11am100M II xnacc11¢11xau11en C yKaoamrnMH no IlOAXOAY 

K pac'!OTy 8THX cxeM. 

TaK, OAllllM 113 OCIIOBllb!X aneKTpOHllb!X np116opoB <jJH311'10CKoro 8Kcnepl!M0HTa 

nanSieTcSI cxeMa coanaAe1111n. K coJKane1111ro, aonpocb1 ,cnaccmfmKau1111 coapeMe11111,1x 

11anoceKyH1lllblX cxeM coanane1mlt, cpan11nTenbnoro anan11oa oTnenhHblx a11non 8THx 

cxeM II ITOAXOAa K HX pacqOTy a uenoM a nll'l'epaType He pacCMOTpellbl. Boo6me 

OTCYTCTDyeT Cl!CT8MllTll3llpOD8HllOe paCCMOTpe1111e qiopM11ponaTenen l!MnynhCOB, np11-

M8l!Sl8Mb!X Ha axonax cxeM npeMe11Horo a11an11oa, KaK II peK0Me11nau1111 no 11cnonh

aoaaH11ro !IX pa3HOBHllllOCTelt npHM8llHT811hHO K pa3ITH'lllblM THITSM cxeM connaneHHI!. 

MeJKny TOM a Te'!eHHe nocnenH11x 5-7 neT a 06nacT11 11a11oceKy11nnwx cxeM 

coananeHHlt na6nronancSI aaMEi'!aTenhllbllt nporpecc. C noSinneHHeM 6h1cTpblx 11Mnynh

cnwx n11onoa, Bb!COK0'18CTOTllblX Tp8H311CTOpOB II TYHll8llbllb!X n11onon ace MHoroo6pa-

3118 6bICTponel!cTBYIOlll'!X, cne1man11011poBaHHbIX cxeM coananennlt 6bmo caene110 K 

11ecKonhKHM y1111aepcanh11b1M cxeMaM. CTan11 11cnonbaonaTbC1t ¢op11,mponaTen11 cxeM 

coananen11l! perenepaTnnnoro T11na. MeTon nepeceqen11S1 11ynS1, 11aaecTHbllt paaee 
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B cpaBHHTenbHO MenneHHbIX COBIIaneHH_nx., nony,mn J:lanbHeAwee pa3BHTHe, B CBSl3H 

C "IBM 6bmH paapa6oTaHbl paanH"IHE10 THilbl cneuHanbHblX ifiopMHpoBaTeneA - HSHoce-.. 
KYHLIHble J:IHCKpHMUHSTOpbI • HynSI'. 

LlnSI ycTpaHeHHSI YK838HHb!X BbIWe rrpo6enoB SBTopoM Bb!IIOnHeH aHanHTH"l0CKHli 

o6aop COBp8M8HHoro COCTOSIIIHSI H8HOC0KYHJ:ll!b!X CX0M COBnaneHHll. H ifiopMnpoBaTenell 

K 1111M, rrpoaeneHa nx KnaccnifinKaunn, a TSKlKe paapa6oTaH nonxon K pac"l~TY neKoTO

pb!x napaMeTpOB J:IBYX Bal!meAWHX THnoB cxeM COBnaneHnA. EonbWOA o6'heM J:IBHHOA 

T8Mbl IIpHaen K aeo6xonHMOCTH Bb!L1enell1ISI ee B OTJ:10nbHYIO "ISCTb AHCCepaTaIIHH 

( "ISCTb 1) ' COAep>Kamy10 6 rnaB. 

B 1-11 rnane lJ. l nnn 06nerqen11n nanbneliwero "!Tenun rrp1rnenenb1 KpaTKO ocaon

Hbie cneneHHSl IIO noneneamo HMIIynbCllbIX nnonoB, Tp8H3HCTOpOB B pelKHMe nepeKmo
/ l+-3/ 

"10HHSl H naBHHHOM pe>KHMe, TynaenbHbl~ H o6pameHHbIX J:IHOLIOB • . B HSHOCOKYHlIHOM 

J:IHSil830H8, BTopan rnaBa TSK>Ke, a OCHOBHOM, SlBnneTCSl BBOLIHOli, 3necb paccMaTpn-

BBIOTCSI H8KOTOpble BonpoCbl rrepeAS"IH HaHOCeKyHJ:IHbIX HMnynbCOB OT ,tl0T0KTOpOB 

K BXOllaM :;ineKTpOHHb!X cxeM "lepea Db!COKO"IBCTO'I'Hbl0 Ka6enn, pa3'h0Mbl, nacCHBllbie 

HHBepTOpbl,. Tpaac9opMaTopb1 II STTEHII<;JSTOpbl, Orrncaa 6noK nepeMenaoA CTYil0"18TOll_. 

aanep>KKn II naao onpeneneane npe,t11,nnnSIBMbIX K neMy Tpe6oaaa11l!. Oco6oe BHHManne 

yneneao Bb16opy BXOLIHbIX cxeM, 06ecne•rnaa10mnx Hannyqwee cornacoaaHHe. 

B TpeTbell rnaae npuaeneHbI OCHOBHhie onpeneneHHR napaMeTpon H xapaKTepn:

CTHK cxeM COBnaneanA H ifiopMHpoBaTenett K HHM, 

4>opMHpOB8TenH 11eo6XOlllIMbl, ecnu Tpe6yeTCSI Tll nnn HHSSl YHUBepcanbHOCTb 

cxeM u npuxonnTcn perucTpnpoaaTh "ISCTUUbl c paa6pocoM no sHeprnnM, Paapemaromee 

BpeMn aneMeHTa OT6opa coBnaneauli 6yneT 38BHC8Tb OT TO"IHOCTH npUBSl3KH no BpeMe

HH HMnynbca C Bb!XOLIS ifiopMHpOBaTenn K HCcnenyeMoMy COOb!THIO, BpeM0Hllb10 ifinYKTY

annu npe>KLte BCero o6ycnonneabl CTBTHCTH"lecxuMu npoueccaMn, npoucxonnmuMu B 

CBMOM neTeKTOpe. Oau npuBOLISlT K 'npo>KaHUIO' unu 'll>KUTTepy• UMnynhca. KpoMe 

Toro HMeeTcn. eme 'rynnaue• Bblxonaoro HMnynbca 9opMupoaaTem1, cnnaaanoe c 

TpaacifiopMa11neA aMnnHTYllHOro paa6poca BXOLIHb!X HMnynbCOB BO npeMeHHOtt , a TaK

)1{8 npu HCIIOnb30B8HHH pereaepaTHBHb!X ifiopMHpOBaTeneil, aanep>KKa cpa6aTblB8HHSI 

KOTOpb!X 38BHCHT OT npeBb!W8HHSl aMnnUTYllbl axonHoro HMnynbCa Han HX noporaMu, 

KaK H 'APO>Kanae•, 'rynnaae•- onpenenneT paapewa10meJ apeMn nocnenyromux cxeM 
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coanaJ:10HHA. noKa3aHO, "!TO 113-38 uenocTBTO'tHOA wnpoKononocTHOCTH perenepaTHB

IIb10 . CX0Mbl Ha Tp8H3HCTopax D II8HOC0KYIIJ:IIIOM mmna3011e 11enpllM011HMbl. 3necb nc

nonb3YIOTCSI Ty1111enbHb!O lIHOlibl H TpaH3HCTOpbl D naBHIIIIOM peWHMe. Llnn onpenene

HHSI K8"18CTBa ifiopMHpOBSIIHSl no aMIInHTYJ:10 BBOAHTCSI HOBBS! xapaKTepHCTHKa - Koa4i-

9HUH0IIT 

/1 U BX, 
K"' ( 1)' 

/1 u Bb!X. 

KOTOpbIA IIOKa3l(IB8CT, BO CKOnbKO paa paa6poc aMrtnnTyn HMIIynbCOB Ha BbIXOAe 

ifiopMHpoBaTenn fl U MeHbme, "leM paa6poc aMnnuTyn 11a era BXOlle /1 U 
B~~ • = 

npn nocnenonaTenbHOM BKnro"lenun (jiopMnpoBaTenett Ka"lecTno ¢opMnponaHRS! onpe-

nem1eTcn xaK nponsnene1rne 1toaqi,I,n11neaToB K 1 oTnenbHhIX KacKanon Il K 1 • npn 
1 

aaaaanoM aneMeaTe oT6opa coananeanli H naHaMH"lecKoM i:manaaoae aMIInHTYll HM-

nynhcoa c neTeKTopa norrycTHMbl8 paa6poc aMnnnTyn m,mynhcon Ha nxone aneMen

Ta oT6opa onpenem1eT aeo6xon11Myro nenH"lliHY n K 1 n, oTcio.ctn, '!Hcno Tpe6ye-
1 

Mb!X KOCKanon ¢opMnponaTenel!. 

B 38Knl0"1811H8 8T08 rnaBbl paccMaTpHBBIOTCSl MeTonw, noanonnromne yny"IWHTb 

TO"IHOCTb BpeMeHaott OTMeTKH ifiopMnpoBnTennMH nyTeM 9nxca11HH no BpeMeaaoli 

ocn OAHoro ua ne aanncnmnx oT aMnnuTynnoro paa6poca napaMeTpoa nMnynhca 

C neT8KTopa, B "ISCT~OCTH, M8TO,'.lbl C Hcnonb30B8HHCM nnofinoro na4xjlepeauupoBaHHSl 

ll KOHTypa. nocne11nne M8TOllbl Tpe6yJOT cjlopMnponaTenea C OTMeTKOli Bp8M0HH none

pece"IBHHIO ayneaoro ypOBIIH Ctf;opMHpOBSHHblM 61monnpHb!M HMIIynbCOM - nHcKpHMR!la.:. 

TOpOB 'nynn•. 

TaKHM o6paaoM, OCHOBHble CX8Mbl cjiopMHpoBaTeneil MO~<HO KnacCHQlHllHPOBSTb 

no nayM rpynnaM: ¢opMHpoBaTenu'c OTM0TK02 npeMOHll no nepenaeMy 9POHTY HM

nynbca H AHCKpHMHHSTOpbl 'aynn', paCCMOTpeHHIO KOTOpbIX nocnnmen1,1 nae cneny10-

mae rnaBbI, 

B rnane IV onncam,1 4,opMaponaTenn c oTMCTKOll npeMean no nepenHeMy cjlpon

TY nMnynbca - llHOllHble orpanH'IHTenu, TpansncTopHb1e n TYl!HenhHO-llHOllHMe ¢opMn

ponaTenu, ABBS BX KnaccncjlHKSllHSl H npuaeneabl 8KCnepUM8HTanbHO nony"l8HHbl8 KO

a#nuHeHTbl K Ann OCIIOBHblX THnOB cjlopMHpoBaTenett H .eeKOTOpble npyrne napaMeTpbI. 

TaK, nnn napannem,Hl,IX i:tnonablx orpaxm'lnTenel! K = 1, 25 -+ 2, nocneno.aaTellbHb1e 

AHOllHble orpaBUqHTenu HM8IOT nyqwne xapaxTepucTKH ~opMHpOBallBH: nng HHX 
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. K ~ 4 -+ 63 AnSI pa3HblX THilOD llHOAOD. TTapannenbHo-nocneAoDaTem,Hble AHOAHI,le 

orpaHH'llITenn, srnmuomnecSI KoM5nnaunell nnyx ynoMSIHYTbIX nnnon orpaHH'lllTenel!, 

TaKlKe xopowo ¢opMnpy10T no aMnmITyne ( K _ He Me Hee 50), a apeMeHHble x_apaK

TepncTnKn nx no3nonn10T npnMeHSITb 8TH ¢opMnponaTenn nnn KOMnencaunn 'rynnnnn' 

pereHepaTHDHbIX ¢opMnponaTenen. 

Ma TpaH311CTOpHbIX tjlopM11ponaTenea paccMOTpeH&I nocnenonaTenhHb1e TpaHancTop-
/ 4/ 

Hbl0 H TpaH3llCTOplIO-AllOAIIble orpaJIH'lllTenn I TpaU3llCTOpHO-AHOAHbl0 TOKOBbie 

KillO'lll, wnpoKopacnpocTpaneHHblli KaK ¢9pMnpoBaTenb TpaH3HCTOpllblA TOKOBb!l! Kmo'I 

Ha nn¢cjJepeaunanhHOM KacKane n cjJopMnponaTenn na TpaH3HCTopax n nannJIHOM pe-

JKHMe. • 

lllnpononocTHQCTb TynnenbHblX AHOAOB Il03B0IlSieT C llX ncnonb30BaHneM; nocT

pOHTb 6blcTponettcTny10mne· perenepaTHBHble cjJopMip~naTenn c ycnneHHeM, 'leTKHM 

noporoM cpa5aTb!BaHllSI, OTHOCHTenbHO M8Ilb!MH 'rynSIHl!eM' ll 'MepTBblM" BpGMeneM, 

a caottcTBa nx BOnbTaMnepnon xapaKTepHCTHKJJ naroT B03M0]l(H0CTb llOny'IHTb xopowee 

Ka'leCTBO cjJopMHpOBaHHSI IIO aMnnnTyAe. 3To npnaeno K HCIIOnb30BaHHJO TyHHenbHblX 

nuonoa KaK aneMeHTa pa3nll'IHhIX cxeM cjJopMnponaTenen. 
/ 1,2/ 

Ha OCIIODe napa6on11qecKott annpOKCl!MaUIIH paCCMOTpeHbl OCHOBHbie cxeM_b! 

TYHHenbHO- AHOAHblX QJOpMHpOBaTeneit: Tpnrrep illMl!Ta, OAHOBH5paTOp H IIHB8pTop. 

TTpn pacCMOTpeHHll Tpllrrepa illMnTa BblBeAeHbl napaMeTpbI BOnbTaMnepHolt xapaK

TepllCTllKll TYHHenbHoro AllOAa C napannenbHO IIOAKilJO'leHHblM pe3!ICTOpOM. nocKOilbKY 

OAHOB1!5paTop Ha TYHilellbHOM AllOAe c llHAYKTHBHOCTblO npencTaBnSieT co5ol! npocTyJO 

11 aecbMa pacnpocTpaneHHYIO cxeMy cjJopMnponaTenn, yneneno BHHMamie Bb16opy 

ero OllTHMallbHblX xapaKTepllCTHK Ha OCHOBe MOTOAa o6omeHHblX napaMeTpon. Ha 

OCHoile aToro YHHBepcanbHOro MeTOAt;I, KOTOpbIA 6bm pa3BHT B nocnennee Bp8MSI, 

.na.11 of53op paC'l8TOD npyrnx llMnynbCHblX cxeM - OAHOBll6paTopa Ha TyHH8IlbHOM AHOAe 
. \ 

C llHAYKTHBHOCTblO C HennHellHblM CMemeHneM H HHDepTopa Ha TyHHellbHbIX AllOAax. 

TTpennocne.ttHSincxeMa nnnneTcSI nepcneKTHBHol! H3-3a cnoero 6brcTponelicTBHSI. '1.Jac

TOTbl llOBTOpeH~SI ee COCTaBilSIIOT 200-+ 300 M-u. 

KoacjJqinuneHT K llllSI nccnenoaHHblX cxeM OAHOBH6paTopon c llHAYKTIIBHOCTblO 

Ha TYHII8IlbllbIX mronax _COCTanSieT 30. KaK npannno,_ aToro HOAOCTSTO'IHO, II 06b!'IHO 

npHM8HSI8TCSI n_ocnenon_aTenbH08 BKillO'IGHile KaCKaAOB OAHOBH6paTopon. TorAa ll3-

MepeHHblll Koa#HUHGHT K AOCTHraeT 250 (n ABYXKaCKa.ttHOM ~opMHpOBaTene). He

llOCTaTKOM OllHODH6paTopoB c llHAYKTllBHOCTblO SIBnSieTCSI HenpSIMoyronbHaSI cjJopMa 
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DbIXO.ttHOrO HMnynhca, KOTOpaSI npHBOAHT x HGCTa6nnbllOCTll KPHBblX connanennn. 

Onnonn6paTOpbI c mIHHSIMH aanepJKKll n c aanepJKaJIHOl! OTpnuaTenbHOH o6paTHOl! 

CBSI3bl0, paccMaTpnaaOMb18 TBKJKe B AHCCpTaUIIH , o6ecne'IHBaJOT QJOpMHponaHne 

nnocxoll aepWHHbI IIMIIYilbCa. 3necb OIIIICaH TaKJKe cjJopMl!poBaTenh-llHBepTOP c TYB-
/5/ 

HenbBblMI! H o6pamellHbIMI! AIIOA8Mll 

rnana V IIOCBSimeaa paCCMOTpeBIIIO II KnaccmpnxaUIIII TIIIIOB AIICKpIIMIIHaTopon 

, HynSI': AllCKpIIMHHaTopaM C DblCOKOll 'IYBCTBIITenbHOCTbIO, AllCKpllMHHaTopaM C 

'rncTepeaI1coM' II c no6aanenneM 'rrbenecTana"'. TTocnenHne rroaaom110T nony'IIITb 

'rynnJine* ae 6onee 0,3 HCeK n 

TYA, paBHOM 60. 

OTIIOCHTenhHOM AIIH8Mil'18CKOM AHIIaaoHe aMIIIlH-

rnaaa VI Ha'lnaaeTcsi c o6aopa cxeM oT6opa connaneHnl!, KOTopbie Knaccncjiu-

Ul!poBaHbl Ha CXGMbl mmel!Horo CilOl!(eHIISI Ha Ill!Hel!HOM aneMOHTe, CXGMb! nnnettaoro 
- /2,3/ 

cnolKeHHSI na HennHettHoM aneMeHTe, HanpIIMep, Ha nnone Ilnl! TYHHenbHOM nnone 

( micne.ttHIIe, BBHAY IIX BaJKHOCTH, BbIJ:10IleIIbl B OT.ttenbHbll! pa3.tten) ll Ha CX0Mbl Bb15opa 

MGHbll!Gro, K KOTOpbIM OTHOCHTCa npe~ne acero rrapannenhHaSI AIIOAHail cxeMa COBIIa

nennA. B o6aope aHanH3I1py10TcSI nnmh naI16onee WHpoKopacrrpocTpaHeHHble cxeMbl 

coarranennll, II ne paccMaTpllBBIOTCSI MHorne l!HTepecHble xnacCII'IGCKHe cxeMbI, KOTO

pble HMGIOT yaK_ocneunanaanpoaaanoe rrpnMeHe~rne n penKo I1cnonhay10Tcn n HacToSimee 

Bp8MSI. 

B 8TOft rnaBe ABH llOAXOA K pac'lllTy ocaonHbIX cxeM - cxeMbI naHei1Horo cno-

lKeHlrn HS TYIIH0IlblIOM nuone B napannenbHOl! nuonaol! CX0Mb! BbI6opa M0Hblllero. 

CxeMa cnoiKeHBSI aa TyHHenbHOM nnone noanonneT rrony'IBTb paapewaromne npeMena 

.. 1 + 3 aceK. - 3Ta cxeMa nnnneTcSI noporoaol!, ii ocHoBHbIM npn ee pac'lllTe 6yneT 

Bb160p TOKO CMemeJIHil TyHHGnbHOro AIIOlla B aneMOHT8 OT6opa . ,a aanI1cn
CM. 

MOCTII OT nonycKOB Ha BenII'IIIHbl aneMGJITOB CXGMbI, aanpSIJKOHHSI IIIITaHIISl ll napa

M8Tpbl TYHH8IlbHOro nnona 8, AIIHaMH'lecxoro nnanaaoHa aMIIIlHTyn BXOJ:lllblX HM

nynhCOB /i,. i a KOSQJqJIIUBGHTa K ncnonb3yOMbIX qiopMIIpoaaTenel! ll 'IIICna BXO-ax. 
AOB CXGMbl N . Bb!Beneno COOTHOW0HHe, CBSI3b!BSIO!I188 nee nepG'IIICileHHbIO aenB'IIIHb!: 

2N-(1+8) 
---------- /i,. i 

( 2) 

K[(l+l;)
2

-48N] 
BX. 
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3.necb - aenH'II!Ha "cTyne!IbKI!' To.Ka, 110.naaaeMo:lt aa aneMeHT oT6opa. 311aa 

H TOK M8KCHMyMa TYHHOnbHoro .llllO.lla 11 , MOlKHO onpe.nenHTb 

CHManbHOO 'I_Hcno BXO.llOB CXOMbl 

COOT!!OIIJOHHOM: 

N 
MB.KC. 

N MBKC. CBH38110 C .llOIIYCKOM l, 

(1+8)2 

4o 

MaK-
CM. 

cne.nyIOlllllM 

(3) 

Ecnn a Ka'!eCTBe 'IHCnoaoro npHMepa B3l1Tb 06bl'!Hh!e Tpe6oaaHHll, a HMel!HO 

N 4 , ~ i . = 1000 Ma, K = 100 (.nayxirncKa.llHblit !pOpMHpODaTenb c Kl= K2=10) 
BX, 

II 8 = 0,05, TO i = 23 Ma, ll Llnll TyHHenbl!Oro anoaa c I 1 = 10 Ma Tpe6yeTCH 

o6paTnoe cMemeune no TyHaenbHoit aeTan, paaaoe He Menee 82 Ma. MaKCHManhnoe 

'll!Cno BXOLIOB ( 6e3 y'leTa paa6poca aMnnHTYLI DXOLIHh!X l!MllynbCOB) Llnll 8 -=0,05 

paBHO 5. IloaTOMY cxeMbl COBlla)leHI!:lt, Bh!IIOnHefll!h!O nonHOCTblO aa TYIIHOnbllh!X 

JlllO.llaX, XOTll I! o6naJlaIOT xopOIIIllM paape11Ie11HeM· H 6b!CTpOJl8itCTBHOM, HO H3-aa 

paa6poca napaMeTpoa 11Hcno nx nxo.11oa ne MOlKeT 6bITb 6onee 3 .;. 4 JlalKe ngn 

HallH'IHH llOLICTpOeK. YaenH'leHHO 'lllCna BXOJlOB MOlKeT 6b!Tb nony'IOHO npn BBO)lOl!Hll 

ycHneHHH no TOKY B !pOpMHpOBaTenHx. OaHaKO nocKOllbKY 'IHCTO TYHHOllbHO-.llllO.llHhl8 

cxeMbl 'IYBCTBHTOllbHhl K HaBO.llKBM, ycHneHne no TOKY npHBO.llllT, B CBOIO O'lepe.llb, 

K IIOHHlKeHHIO IIOMexoyCTOit:1HBOCTH. IloKa38HO, '!TO H81111Y'llllllM peue11neM llBlllleTCSI 

cxeMa C TpaH31lCTOpll.blMH <popMHponaTenstMH, KOTopast, XOTll H llMOeT necKOnb!tO 

xy.llmee apeMenuoe paape11Ienne, no pa6oTaeT a mnpoKoM .nnHaMH'IOCKOM .llHanaaoae 
, I 

BXOJlHblX 8MllllllTYLI• 

IlapannenbHSH' LlllO)lHSSI _cxeMa Bb16opa MOHbWero II03BOlllleT, B npHHUillle, no

ny'IHTb COBIIS)leHilll c 6ollb11JllM 'IHCIIOM BXO)lOB, HeKpllTll'llia K paa6pocy SIIOMOH-
'-. 

TOB cxeMbl (KpOMe xapaKTepllCTllK LIHO.llOB) ll ne Tpe6yeT 60ilbllIHX BOIIH'lllJI K 

KOTOphlit 3)l0Cb MOlKOT 6h!Tb Ha nopst.llOK MOlibllie. Ilpn paC'leT& JlllO)l!IOl!: CXOMbl 

Han6onee BalKHhlM llBIIHOTCH BbI6op THna llIIOLIOB, IIOCKOllhKY a HaHOCOKylILIHOM JlHana-

30He KOa#HUllOHT OT6opa ~apannenbHOfi CXOMhl Bbl60pa MOHblliero B CHnbHOfi CTeneHH 

38BHCIIT OT HHOpllHOHHOCTH .llllOLIOB, KOTopall xap_aKTOpHayeTCll BpeMeaeM DOCCTSHOB-

IIOHHll r BOCCT. , BpeMeHeM ycTSH0B118HHH r YCT. , BpeMeneM lKH3HH HOOCIIOBllhlX 

11ocnTenen r 

aanpaaneanH 

H M8KCIIM8Ilhllh!M l!MITyllbCllhlM conpoTl!BJI01lllOM l:tll0)l8 B npllMOM 

R MSKC. 

J1. llp.HMII, 

8 

I 
l 
I 
r 

1 

I'. I 
l 
t 

I 

11'\\ fl 

' 
1; 

j 
I, 

I 

\', 

;f 

Eb!n npoae)leH paC'!eT KOS!p<pHUHOHTa oT6opa f .llnll paann'IHh!X cny11aea c 

y'leTOM nHepUIIOHHOCTH .llHOLIOB. DnH llnHTenhHOCTll BXOLIHOro HMHynhca t .. r 
. llMH. BOCCT.,1_ 

p 

r ycT, 

E 
-i- + 

H R .CH, rae R II. CH- pe3HCT0p II 0MKOCTb narpyaxn cxeMbl, 

t HMII. . t 
RMSKC+ p HMU. 

~ 
E-U r e rBOCCT. nc;; r [---o-

2 C ( BOCCT. . l) i 
H RCH - • 

N 
+ r ] e 

•·-r 
2C H( BOCCT~l) 

·1 
HMU. 

RCH 

HMn. 

_N_-__ 1 ( l + __ r __ 

__ r __ _ 

e BOCC'll)f [ ( R MaKc. - R 
2 r BOCCT. 11..np.nMn. t:·np. 

)e r ycT-+- R11..rrp.J +p I 
N 

I'Jl0 E H - HanpmKOHHe llCTO'IHHKll IIHTaHHH H TOK, 3ll.llaBaeMb!ll B l:tllOl:tHYIO 

cxeMy, U 
O 

MaKc. - nanpHxcenae l!arn6a BOilbTaMnepnoti xapaKTep11cT11K11 a1101:ia, 

R MBKC. - nau6011b11Iee H3 npllMh!X conpoTHBneHnii: JlllOl:tOB cxeMhl, R 
~~ ~~ 

np11Moe conp0Tuanen11e ano)la, p - cornacyromee conpoTuanenne Ha sxoaax 

cxeMbI. Dnll THIIH'IHOR CXOMbl, B KOT?pO:lt i = 4 Ma, E ., - 2,3 B, U 
O 

• 0,3 B 

( repMaHHeBblli .llllO)l). N = 4, R "" 0,6 KOM, CH = 7 mP, p 

=50 OM, R = 20 OM, r .. 3 HCCK, r = 2 HCeK, 
.ll,llp. BOCCT. 

50 OM, R n.np.llMII. 

= .4. HCOK, 
llMII. 

p = 3,5, '!TO cornacyeTCH C SKcnepHMeHTanhHb!MII ll3MepeHl!HMH, B TO apei.rn KOK, 

cornacao pac'!eTaM 6ea yqeTa nnepuno11aocTn nnoaoa, P = 6,6. 

HecTporue Tpe6oaaHHlI no K llpl!BOl:tllT K yny'IIII0HHIO 6b!CTpoaeAcTBHlI cxeM 

COBlla)leHH:lt, 1103TOMY JlllOLIHBH cxeMa HBnHeTCH aeCbMB nepcneKTllBHOfi no.cpaaHeHHIO 

C TyHHOilbHO- LlllOl:tllOA, ecn11 'y'leCTb T8KlKe B03MOlKIIOCTb 6onb11Iero 'lllCIIS axonoa. 

Iloicaaaao pac<iOTllbIM nyTeM, 'ITO HHTerpnpoaaHne Ha Bb!XOLle LlllOJlHOll cxeMbl 

coanaae1rnn MOlKOT npl!BOl:tlITb K yaenH'l0HlllO xoa¢¢nu11enTa OT6opa. IlpoBOl:tUTCII 

pacqeT KOS!p!pHUllOHTa OT6opa cxeM Bb16opa MeHbllICI'O Ha o6pameHUbIX H CBtJ-anoaax 

C yqeTOM M811b!X o6paTHhlX conpOTHBJieHHll STHX LIHOLIOB. 

PaCCMOTpOHhl TaK)Ke cnoco6bl. noaKnIO'IOHllll BHTllCOBIIBLIOHHll K aneMeHTaM OT-- -

6opa n caenana HX cpaBHllTenbHSH OUOHKa c TO'IKH apeHl!H S!p!peKTHBHOCTII BHTllCOBna

aeHnff. 

B 38KIIIO'!enne tJ. 1 paccMaTpHBSIOTCl!I KOHCTpyxTHBllbie ·TeH.neaunu Bb!IIonnennH 

6bICTPhIX cxeM Jlllll !pll31f'IOCKHX 3KCnepnMeHToB: 6no'IHbl8 CX0Mhl ll Moaynn. 
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B 'laCTH II AHCC0pTaUHH, B OCIIOBIIOM, npe.ncTaBneHbl peaynbTaTbl paapa6oTOK 

anexTpOHHblX CX0M, BbIIIOnH011HblX aBTOpOM. Ona COCTOHT H3 '10Tb!p0X rnaa. 

rnaaa I nocanimHa cxeMaM conna.ne11Hi111 norn11ecxHM cxeMaM .nnn npeMen

HblX ll3M0p0Hlli1 •. 3.necb onncaua OAHa 113 nepBblX OTO'IOCTB0Hllb!X B nonynpOBOAHIKO

BOM 11cnonue111111 4-xananbHblX CX0M COBna.11011118 c xaHanOM aHTHCOBna.ne11nn, pa60-

Ta10man no npnHUnny mrnei111oro cno)f{e11m1 TOKOB 11a TyHHenbHOM m10.ne, npei:rnaana-

11e11naH .nnH iipeM0HHoro a11annaa co6blTHi1, perncTpnpyeMblX 6b!CTpb!MH CIIHHTHnnH

IIHOIIHblMH C'l~T'IHKaMH. Paapewa10mee 13p0MSI CX0Mbl .. 10 11cex, "MepTBoe' Bp0MH -

30 acex. Ha BXOAax CX0Mbl npHM0llHnacb qiopMHppnaTenn 11a TpaH3HCTOpHo-i:moAHblX 

/4/ 
TOKOl!bIX xn1011ax 

ITpeAcTaBnenu TaKJKe pe3ynbTaTbI nccneAonamrn cxeM, paapa6oTaHHbIX 11a oc-

noae MOAynen c OAHOBH6paTopaMH Ha TYHH0nbHblX AHOAOX rH305A n 3H30lr c na

/6/ 
AYKTHBHOCTb!O • Ebma BblllOn11e11a cxeMa TpofiHblX connane11ni1 C paapema10mHM 

Bp0M0H0M HC0K, "MepTBbIM" Bp0M0H0M - M0H00 30 HCOK H MalKOPHTapHaSI cxeMa 

Bbl6opa .. ABS HnH 6onee H3 wecT1i" C paapewa10m11M Bp0M0H0M ., 3 llCOK. CxOMbl C . . . 
HCnonb30BaHHOM OAHOBH6paTOPOB Ha OCHOBO 6bICTponellcTBYIOWHX TYHHOnbHb!X AHOAOB 

H3 P -: repl-{OHHH 6blnH no OT0'10CTB0Hllb!M ny6nnKaUHSIM BblllOnH0Hbl BnepBbl0. Pe

aynbTaTbl HCnbITaHHll CXOM c OABOBH6paTopaMH Ha TyHHOnbHblX AltOA8X c HHAYKTHB-. 

HOCTblO noxaaanu, 'ITO aTH cxeMbl 06nam110T xopownM 6bICTponell:cTBHeM, no na-aa 

paa6poca napaMeTpOB TYllH0nbHbIX AHOAOB H Manon noM0XOYCTOil:'IHBOCTH nocnOAHHX 

orpaHH'l0Hbl no 'IHCny BXOAOB AByMH-Tp0MH. 

B aToil rnaae paccM0Tpe11a cxeMa cMec11Tem1 Ha 4 axoAa, pa60T810mero AO •rnc

TOT nonTopemrn HMnynbCOB 100 Mrn. Ha Bb!X0.110 CM0CHT0nH HCnOnb30BaH aMnnHTYA

Hblil orp8Hll'illT0nb HOBoro THna Ha TOKOBOM Knl0'10 Ha Tp8H3HCTOpax C AOUOnl!HTOnbHOll 

CHMM0Tpnei1. Onncam1 T8KlKO CX0M8 pa3B0TBHT0JIH Ha 4 Bb!XOAa, 11006xOAHMOro B ennaoli 
. ,~ . 

CllCT8M0 11a11ocexyHAllblX 6noKOB nnH qmailqeCKHX 8KCnepl!M0IITOB • P83B8TBHT0nb Bbl-

nonnen no pacnpe.ctenen110My npn1111nny • .llan no.ctxoA K pac'l~TY no.cto6HbIX paaaeTBH

Tenetl. PaccMaTpllB80Mb!M cxeMaM CM0CHT0nH ll pa3B0TBHT0nH npennocn8Bbl Kp8TKH0 

cpaBHBTenbHble o6aops. 
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rnaaa II OXB8Tb!Ba0T CX0Mbl llnH aMnnHTY/:tllblX ll3Mepennll. B nanocexyHAHOM 

.ctnanaaone. Ona aaqnnaeTC!I o6aopoM n Knaccmjmxaunell naHoceKy11nHbIX nunefiHbIX 

cxeM nponycxannn, nocne xoToporo paccMaTpnnaeTCH paap860T811H8H aBTopoM cxeMa 
/5/ 

ll8HOC0KYIIAHblX n1111ert11blX "nopoT• , nepBaH B TpaH3HCTOpl!OM BapHaHTO, onHC8HHan 

B OTO'i0CTB8lll!Oll: nHT0p8Type. Koa<pqiuunenT uepena'IH CX0Mbl paB0Il 0,9, AIIH8Mil'10C

KHJ:i )lHan830H COC'l'aBnneT 0, 1 -: 8 B. n11:11ei1HOCTh CX0Mbl ±. 1%. t.JacToTa noBTope

HHH HMnynhCOB - AO 100 Mru. CxeMa o6nanaeT TaK)f{0 xopoWHMH BP.0M0llHblMH xa

paKT0pHCTHK8MH 11 WHpOKO ncnonh3Y0TCH 13 axcnepHM0HTax Ila ycxopnTenHX. 

B aToll: rn8Be onncam,1 T8KJK0 HHTerpanbHbill. 11 amp.jiepeannanbHbirt .ctncxpn,,rn
/6 7/ 

HaTOpbI 1 • M11Terp8llhllblll: AHCKpHMHH8TOp BblllOnHeH C ncnonb30BSHH0M TYHH0nhflb!X 

nnoAOB 3H30lr • .lln118M11qecxnll J:IH8naaoH era - 0,3 .. 1 2 a. HnTerp81IbHaH aenanen-
/7/ 

HOCTb - 110 6onee 0,9%, "MepTBoe· BpeMSI - He 6onee 40 HC0K • .llncxpnMHHaTop 

nawen wnpoxoe npuMeliemie B axcnep11Me11Tax. na ycxopnTem1x • .llau cpaa1rnTenbHbiil 

o6aop cxeM lll!TerpanbllblX llllCKpl!Mllll8TOpOB. llmp<pepeHuHanbllblll AllCKpllMIIIl8TOp Bb!Il0ll

H0H no cxeMe c •oKHOM" c p8anenerrneM BO apeMOHll aHannanpyeMoro HMnynhC8 

C nocnenonaTOnbHb!M auaJIH30M Ha 01:t!IOM H TOM JKO HIIT0rpanbHOM AHCKpHMH!laTope , 

XoTH CX0Mbl Taxoro pona JlHCKpHMHH8TOpOB H3B0CTHbl, norHK8 ero HM00T HOB00 pe

wenne, 6onee npOCT00 B cpaBH0HHH C H3B0CTHblMH cxeMaMH. ITapaMeTpbl AHCKPH7 

MHHSTOpa C 'oKHOM'.6nH3KH K napaMQTpaM HHTerpanbHOrO JlHCKpHMHll8TOpa. 

rnaBa 111 noCBHmeHa 6bICTpblM nep0C'li'.!Tl!b!M CX0MaM 118 TpaU3HCTOpax H TYll

ll0JlbHblX AHOASX. ITpeJKAe acero A80TCSI cpaBHHT0l!bHblll 0030p Tp8H3llCTOpllblX nepec

'leTHbIX cxeM, o6blqHO ncnonb3y0Mb1X Ha 'laCTOTax HHJK0 100 Mru. 38T0M onllCb!B80T-
/8.;.l0/ 

CH paapa60TaHna11 anTopoM ynnaepcanbHan(nepecqi'.!THaH nexana , BblnonneuaaH 

no CHCT0Me 1-2-4-8. HOBblM B CX0M0 A0K8.ttbl HBml0TCII ncnonb30B8l!ll0 TOnbKO on11oll 

cxeMbl •H" B nornKe BToporo Tpnrrepa • .lleK8Aa oxaaanacb 6onee aa.ctcJKaon, 110M 

06b!'lllbl0 CX0Mbl C ABYMII nocnenoBaTenbHO BKnl0'10HHb!Mll CX0M8Mll "H". Paapewa

lOIU00 Bp0MII A0KSJ:lbl COCTaBnH0T 30 HC0K. llanee B 8TOrt rnaae Aa0TCH .cpaBHllT0nb

Hblrt o6aop OCHOBilbIX TpnrrepHblX H n1;pec'1eTllbIX CX0M 118 TYHH0nbflbIX AHOA8X, KOTO

pb10 ·nawnn npnMeaenne na 11acT0Tax .eta 100 Mru n Bb1we. Hccnenoaanncb paann'I

Hb1e cnoco6bl 3aA8Hllll nanplllKO!IHR n11Tal!HII 118 Tpurrepny10 cxeMy Ha ABYX TyHH0nh

HblX AHOA8X 113 p -repMaHHH C HIIJ:IYKTHBHOCTblO: nenHT0nb Ha conpOTBBn0HHHX, AH

OAHblil cTa6nnnaaTop na nepexone aMHTTep-6aaa TpanancTopa. Hanny,1well oxaaanacb 

opurnnanbHSll cxeMa c o6mell 6aaoi1 c nonxn10qe111teM Tpnrrepa B aMHTTep, xoTopaH 

npn aaAaHllll naqanbllO~ pa6oqefi TO'IKH C perynHpOBKOil HeqyaCTBHTenbHa K H3M0110-
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HRIO aanpSIJK8HH!I llRTahR!I B wupoKRX npe11enax (+300%), nn6o npR 3~1laHHH uaqanb

aott pa6oqett TQqKR 6ea IlOACTpoliKH - K paa6pocy aneMeHT0B, xapaKTepHCTRK TpaH-
0 

3HCT0p0B H TYHHenbHblX AH0A0B B TCMnepaTypH0M nnanaaoae +10 + 40 .c. TTpnae-
,;. 

11eHbl aKcnepnMeHTanbHble peaynhTaTbI R rpaljJHqecKRtt pacqeT. Bbmonaeaa nepecqeT-

HaH cxeMa aa 16 ua qacToTy 100 Mru, pa60Ta10maH B wupoKoM nnanaaoae aanpH)Ke

HRtt IlRTaHR!I. 

B IV rnaae onncaHbl paapa6oTKH MH0roKaBanbHblX CHCT8M AnSI BpeMeHHblX 

naMepeauli. TTpe)Kne acero np11aeneaa 24-KaaanbHa!I cncTeMa 61,1cTpb1x nopoT, npen

uaaaaqeu11ag lli!!I ~rnorocqeTqHK0BblX 8KCI1ep11MeHT0B, r11e RCIIOilb3YIOTC!I <1>3Y C 

11nacT11qeCKHMH CUHHTHnnHTopaMH. BopoTa 0TKpbIBSIOTC!I CHrHanoM ynpaaneHRSI, no

CTyrra10mHM OT paaaeTBRTeng aaaoceKyHllHblX llMIIynbC0B 1ia 24 KaHana, KOTOpb!il !IBil!leT

C!I qaCTblO CHCT8Mblo MmmManbHOe paapewa10mee apeMSI B0p0T paBH0 .,3 HCeK. Cnc

TeMa RMeeT BblX0Llbl 11a IIpoMelKyToqaoe aanoM1rna10mee ycTpottCTBO R RllllHKSUHIO 

aa neoH0BblX naMII0qKax. 

OTmiqRTenbHOli oco6eHHOCTblO CRCTeMbl n uenoM !IBn!leTC!I paa11eneHRe ee Ha 

6noKR paaaeTBRTenett R nopoT, qTQ II03B0nSieT HCII0nb30BaTb 3TH 6nOKR caM0CT0!l
/6, 11/ 

TenbH0 n yaenuqnaaeT rR6KOCTb ycTpofiCTBa • 

PaccMoTpeane npeo6paaoaaTeng apeMSI ~ UHqJpOBOtt K0A g,aqnnaeTCSI co cpaBHJl'-

TenbHoro o6aopa coapeMeaaoro C0CT0S!HR!I npeMeHHbIX KOllHpoamRKOB. Jlanee OilHCllH 

paapa6oTBHHbltt aBT0p0M npeo6paaoaaTenb apeMlI - UHqJpOBOli K0A, Bblil0nHeHHblli 110 CTapT

CT0IIH0MY IlpBHUHilY, B K0T0p0M R3MepSieMblA npeMeHHOil BHTepaan npeo6paayeTC!I B qncno 
. /12/ • . -

nepnonoa reaep!lropa c qacToToli 100 Mru • Cnraanbl c reaepaTopa cqKTaIOTCll nepe-
. . 12 

cqeTHblM ycTp0ACTB0M Ha lOOMru C 8MK0CTblO 10 C nocneny10meA napannenbH0tt nepe-

nucbIO El. aanoMHHa10mee ycTpolicTao aa 4096 cnoa. lJucno Ktrnanoa npeo6paaoaaTenSI, 

COOTBeTC::TB8llHO, paBH0 4096 c WBpHH0A KaH~na 10 aces:. TTpeo6paaoaaTenb caa6JKeH 

i.torBKOA B 6noKBpOBKaMB, aeo6xoABMblMH npu BpeMCHHblX B3MCpe1mSix C·. f'-Me30HllMB. 

JlHqiqiepeauuanbHall aenuaettaocTb IIpeo6paaoaaTenSI cocTaBnSieT -±.1%. MaKCHManbaasi 
. . 3 

qacToTa perncTpaunn co6blTHli ~ 10 RHTepa~noa B ceKyHAy, 

OTeqeCTBCBBaSI cxeMa K0llHpoBmRKa B TaKOM nnanaoae C KBapueaoA CTa6R

nnaauneJl: qacTOTbI reaepaTopa oIIncaua a nonynpoaouanKoBOM aapn:anTe anepBbIC. 
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BbIBOllbl 

OcnOBllble~RTOrR AHCCpeTaUHR M0lKH0 CqJOpMynnpoaaTb B BRUe HHJKecnenyromnx· 

Bb!B0A0B, npHBeL1el11lbIX B nocnenoBaTenbH0CTR nanolKeHHSI MaTepnana. 

1. TTpoaeneao cpaaneane paann:qnhlx THnoa cornacy10mnx cxeM na nxoJ:tax H 

cqiopMynnpoaanbI Tpe6onaHR!I K qiopMRponaTenSIM Ha nxonax cxeM .connaneantt. Bae

nea KoaqiqimmenT K, noKa3blBa10mun KaqecTno qiopMHpoaamrn no aMnnnTyJle, K0To

pb1tt npR aauaHH0M AIIHaMRqeCKOM JlllanaaoHe aMnnlITYJl Ha axonax noaaonlleT Bb!0paTb 

THn aneMeHTa oT6opa coananeantt una pa6oqy10 ToqKy nocnenaero, nna aao6opoT -

npn aanaHH0M TRne aneMeHTa OT6opa Bb16paTb aeo6xonHMbIA qiopMHPOBaTenb. Pac

CM<:>TpeHbl napaMeTpbl qiopMHpoaaTeneA, BJIHHromue Hll- paapewaromee BpeMH cxeM 

C0BIIane1rntt,. TaKRe KaK 'llpOlKaHRe'. o6ycnonnenJioe CTa!ICTHqecKRMH CBOllCTBSMH 

caMRX neTeKT0p0B, H 'ryJI!IHHe'. KOTOpoe CBllaano, BO-IIepBbIX, C TpaacqiopMauaeii 

aMnJIRTYAHOro paa6poca BX0AHblX RMnyJibCOB BO apeMeBnoA,. R, B0-BTOpblX, IIOS!BJIS!

JO!lleecg npn.ncnonbaoaaanu pereaepaTH~llblX cxeM qiopMHpoaaTenett na -aa orpaau

qeanott WHp0KOIIOJI0CTH0CTH ncnonbayeMb!X aKTHBHbIX aneMellTOB. TToKaaaaa aenpn

M8l!IIM0CTb pere11epaTHBHbIX Tpa!I3HCTOpllbIX qJOpMHpOBaTenett II3-aa 6on1,woro 'ryng

llH!I' B HSH0CCKYIIAHOM L1Hanaao11e. 

2. .!la11a KnacCRqJRKBllH!I coapeMeH!IblX MeTO)l0B qJOpMHpOB8IIR!I R Bb!IlOnaen o6aop 

cxeM qJOpMHJ)OBaTenett C OTMeTKOit apeMel!H no nepen11eMy qipOHTY HMnyn1,ca: AH0)lHbIX, 

TyHH8nbll0-AR0)lHblX H TpaH31ICTOpHbIX, 

Bb!nonnea o6aop AHCKpHMHHST0p0B • ayng• - qiopMHpoaaTenen c 0TMeTK0A ape

MeHR no nepeceqeau10 nyneaoro yp0BH!I cqiopMHpoBallHbIM 6unonSipllbIM RMnynbcoM 

C neTeKTopa, - qyaCTBIITenbHbIX JlHCKpHMHHaTopoB, JlHCKpllMIIHaTopoB C rHCTepeaR

C0M R Jl06aanea11eM 'IIheuecTana•. 

3. HaMepeHbl aenRql!Hbl K An!I paannq!IblX THnoa AR0)lHblX a TyanenbH0-JlR0A

HbIX qJOpMl!pOBaTeneA, qTo II03B0nlleT npaKTHqecKR oueHHTb npRMeHRM0CTb Jlannoro 

cpopMHpoBaTem1 R Bb!6paTb Tpe6yeMblll ero THn. 

4 • .nan o6aop Bb16opa onTHManbHblX xapaKTepHCTHK cxeM 0JlllOBH6paTopoB C 

nn:nellllbIM H aenuaefillb!M CMeme11ueM C IIHAYKTHBH0CTblO H RMnynhcnoro RHBepTopa 

Ha -Tyanenbllb!X LllI0Jlax MeT0)l0M o6o6meHHblX napaMeTp0B,KOT0pblH noaBonSieT aan6onee 

nonao npu n106on aanaaaon qiopMe nxonaoro RMnynbca npoaecTn pacqeT napaMeTpoB 

cxeM C Tyanenbllb!MH -JlHOAllMH. 

.. 
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5, Bb!nonHeHa Knacc11¢11Kau11S1 coBpeMeeehlx cxeM c0Bnanee11l!, KOTOpble nonpaa

nenmoTCSI ea cxeMbI n11eeiieoro cnolKeH11S1 ea n11eel!HOM sneMeeTe, cxet.,bl n11eeii11oro 

cnolKe·HIISI ea sneMe11Te c 11emrneiieoii xapaKTep11cT11Koii, B TOM 'lllcne cxeM&I nunen-

.eoro cnolKeem1 ea TyeeenhHhlx n11onax, 11 cxeMbl' Bb16opa Me11bmero •.. 
,.C 

6. nnll cxeM n1111el!11oro cnolKeem1 118 TyHeOnbllOM )ll!O)le, KOTOpble 11a116onee 

mupoKo pacnpocTpaHeebl, B&1Bene110 Bb1pa1Ke1111e, cBH3bIB8JOWee Kos<W,nuneHT cfiopMn

poBaHHH K, JlHll8MH'leCKHl! Jlll8Il830H aMnnHTYJl Ila BXOJlax, 'lHCno BXO)lOB, nonycK 

118 sneMeHTbl CXOMbl II Benn'lHHY TOK8 CMOWOHIISI aneMOHTa OT6opa. TaKHM o6p830M, 

C IIOMOWb!O )l8HllOro Bblp8lKOHIISI MOlKHO npn onpeneneneoM Jlllll8Mll'leCKOM Jlll8Il830H8 

H8 BX0Jl8X, nonycKax, Kos¢¢11u11e11Te H 'lllcne BXOJlOB Bb16paTb pa6o'lyJO TO'lKY ane

MOHTa oT6opa, m160 npu aananHoM cMeme111111 aneMeHTa oT6opa, nonycKax, 'lllcne 

BxonoB H n1111aM11qecKoM n11anaao11e ea Bxonax onpenenHTb THn np11ron11oro cfiopMH

poBaTenS1, Ha Bb!p8lKOIIIISI cnenyJOT orpal!l!'lOIIl!blO B03MOJKIIOCTH cxeM COBnanenun, 

Bb!IlUnHeHl!blX nonHOCTb!O 118 TYIIHOnbHblX JlllOJlax. 

7. Bb!BOJlOl!bl BhlpalKel!l!SI nm1 onpeneneHl!SI KosljlljlHUIIOIIT8 OT6opa napannenbeb!X 

JlHOJlllblX CXOM c0Bnanee11l! C y'lE!TOM HMnynhCl!blX CBOiiCTB H napaMeTpOB llHO)lOB, 

IToKaaaea nepcneKTHBeOCTb MHOrOK8H8IlblIOI! JlHOJll!Oll CXOMbl COBnane1rnl! C 6bICTpbIMH 

HMnynhCHbIMII Jll!OllaMH B naeoceKyl!JlllOM )lH81I830He 113-38" eecTpornx Tpe60Ba1111ll 

K KOsljlljlnuneHTy K ljlopMHpoBaTeneii. TioK8381!8 B03MOlKIIOCTb ynenn'leHHll Kos<W,11-

UHOIIT8 OT6opa llllO!IHOll cxeMbl npl! l!lITerpHpOBlll!HII BblXOJll!Oro HMnynhCa. Bb1BO

ne110 a&1paJKe1111e Jlnll Kosljlljlnu11e11Ta oT6opa napannenh11&1x cxeM c0Bnane1111l! na TyH

nenhllbIX, o6pameHl!blX II CB'4 - JlHO)l8X. 

nan o6aop cnoco6oB nonKn10qe1111S1 ljlopMHpoBaTeneii a11T11c0Bnane11all: K sneMen

TaM OT6opa. 

8. PaCCMOTpOllbl Te11ne11UHH B KOIICTpynpoBaHHH ll8HOCOKYHllHOll annapaTypbl 

llilSI cf>H311'18CKHX SKCnepl!MOHTOB: MOJlYilbHblO CXOMbl, npHMOHOHl!e 6b!CTponell:cTDy

!OlllOit norl!KII u11¢pOBblX Bbl'lHCilHTOnbHblX ycTpoAcTB II B03MOJKHOCTb pa60Tbl 6bICTpoli 

sneKTpUl!HKH Ha nHHHH C 1rnljlp0Bol! Bbl'll!CnHTOnbHOI! MaWl!HOll. 

9. Paapa6oTaHa nepBaSI H3 OIIHC8HHhIX B o;e11ecTBOHHOit n11TepaType MHoroKa

H8nbHblX cxeM COBil8.lleHllli ll8JIOCeKyHllHOro n11anaaoaa Ha TYHHOilbHblX n11onax H3 

P -repMaHHSI C TpaH3HCTOpHb!Mll cfiopMnpoaaTenSIMH, 

10. HccnenoB8Hbl CXOMbl COBnaneenlt C O.llHOBH6paTopaMH 118 TYHHenbllblX lll!O

nax B MOJlynhHOM 11cnon11e11n11, II H3Y'l81lbl npaKTll'lOCKHe orpa!IH'lOIIHSI, 11aKnaL1b1Bae-
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Mble 118 pa6oTy .3THX CXOM, Paapa60T8H8 M8lKOPHT8pH8SI cxeMa Ha 0JlHOBH6paTopax. 

Ha TyHHOnbHblX JlHOJlax B MonynhHOM ncnonHOHIIH. 

11. nae Cp8BHHTenbHblll o6aop no CXOMaM CMOCHTenen I! paaBeTBHTeneli. Paa

pa60T811 nonxon x pac'lE!Ty pacnpenenenuoro paaBeTDHTenH ea TpaeaucTopax. Paapa-

60T8HbI CXOMbl CMOCHTenll II paaBeTBHTOnll. 

12. TTpoBOllOH o6aop mmellHblX cxeM nponyCK8llllll H8HOCOKYHJlHOro llHanaaoea 

I! nponenena Hx Knacc111jl1maum1. Paapa60Ta11_a nepnag na onHcaHHhIX B oTe'lecTaeu-

uoli n11TepaType cxeMa nponycKamrn 11a Tpa11ancTopax 11a11oceKy11naoro nnanaaoaa c D&1co.:. 

KIIMI! xapaKTepnCTIIK8MII. nnnellHOCTb CXeMbl - :!:. 1%. 
. l AMnnHTYllllbtll nnanaaon -

0, 1-.8 a. Paapa60Ta11a cxeMa ynn11H11Tem1 l!Mnynhcoa nauocexyHJlHOro nnanaaoHa. 

13. Tiponeneno Cp8BHOHIIO xap8KTOpllCTl!K lll!TerpanbHbIX JlllCKpl!Mllll8TOpOB I 11 . paa

pa6oT8ll8 CXOMa IIHTerpa1IbHOro lll!CKpl!Ml!JlaTOpa na TYHHOilbHblX Jll!O)l8X C nnneii:

HOCTb!O 0,9%. a n11anaa0He aMnnnTyll 0, 1-.8 a c .. MepTDb!M .. apeMeHeM 30 icex. 

14. Paapa60TllH8 IIOBllSI CXOMa' m11jl9epe1111nanbiIOro 8MillIIITYJ:tHOro IlltCKpl!Ml!Hll-

TOpa C .,OKIIOM.,, 

118 

15. TipoBe)lOHbl cpaBHl!TenbHbIO OUOIIKII 6bICTponel!CTBY!OlllllX nepeC'lE!THb[X cxeM 

Tpllll3l!CTOpax. Paapa6oTllH8 YIIHBepcanbl!8SI nepec'l~THllll iteKana Hll Tp8H31!CTopax 

c paapeWll!OlllllM BpOMOHOM 30, IICOK, 

16. BbUI.OIIIIOII cpan1111Tenbllb!lt o6aop no COBpeMeHHbIM Tpnrrepllb!M II nepOC'l~T

llbIM cxeMaM C TYHHOnbHbIMII )ll!O)l8MH, 

Hcc11enoaa1Ib! C TO'lKH apelll!ll ycTOii:'ll!BOCTH 3llJlamrn CTllTll'lOCKOii: pa6oqefi TO'I

KH paanH'lHhie Tl!Ilbl cxeM CMemeHHll Tpl!rrepa Ha nayx TYllll81IbllblX Jll!O)l8X C · HHJlYK

THBJIOCTblO,. Paapa6oTaHa JlBOll'lll8ll nepec'lE!TH8SI cxeMa Ha 100 Mru C Tyl!Henbl!b!MII 

Jll!O)laMI!, B cxeMe l!CilOilb3YOTCll opnr11HanbHaSI CXOM8 Tpl!rrepa 118 llDYX TYJIHenb-

HbIX Jl110Jl8X C IIHJlYKTliBHOCTbJO, BKillO'lOHHOro D 8MHTTep Tp8H311CTopa. 3anycK Tpm•re

. pa ocymecTDnSIOTCSI 'Iepea OJ:tHODH6paTop, BKil!O'lOH~hlii: B 6aay 3Toro Tp8H311CTOpa. 

17. Paapa6oTaHa·-24-Ka11anhHall. cncTeMa .. BopoT .. nnn sKcnepl!MeHTOB c ronocxomr

qecKnMn YCTlll!OBK8MI! Ha Tp81!3HCTopax II TynnenbHblX nnonax B 6no'llloii: B3811M0-

38M8HSI8MOii: KOHCTpyKUIIII, 

JlblX 

18. Bbinoneen cpaDHl!TenbHbIA o6aop COBpeMOllHb!X MllOrOK8H8IlbllbIX BpOMOH

npeo6pa30BaTeneA BpeMsi .- unljlponoA xon. Paapa6oTaH nepa&rii 113 on11cannh1x 

B n11TepaType OT8'18CTDennhllt DpeMe1111oii .. KOJlHPOBl!lllK .. 118 4096 Ka11anoB C w11p111101t 

xanana 10 ncex c ·xBapuenoii cTa611nnaa1111eli 'l8C'l'OThI aana10mero reHepaTopa Ha 

TpaH3HCTOp8X I! TYHHOilbHbIX nnonax. 

15 



19. EonbWIIHCTBO paapa60T8HHblX cxeM uamno urnpoKoe llpHMeuemi:e •. Ha 0CH0Be 

0llHCSHl!blX paapa60TOK 8BTopa 6bm ocymeCTBneu MenKocepHAl!blli BblllYCK cxeM ua

lI0C8KYIIAH0ro AH8118301!8 Anll lpH3H'I8CKHX nccneAoBaunl!: nuuel!Hb!X 'BopoT', paaBeT

BHTenn, CM8Cl!Tenn, AHCKpHMHUST0pa HUTerpanbl!0ro, AHCKpHMHH8T0pa AHqi<pepe11u11-

anbH0ro H Apyrm::. Ha 0CH0Be paapa6oTaHHOll aBT0p0M" AeKaAbl Ha Tp8H31ICTopax 

np0H3D0AHTCll KpynnocepHAllhlA Db!IlyCK A8KSA OM.flM u ocymecTnneH pllA MOAH!pH-
,, 

KSUHil nepeC'{(\THblX npn6opoB, BbmymeHHblX MenKoA cepnell. Ocl!OBHblC peaynbT8Tbl 

AHCCepTaUHH ony6nHKOD8Hbl B 0T8'!8CTD8HHblX lKYpHanax H npenp1IIIT8X OH.flM H A0-

noJKel!bl Ha 0T8'!8CTD811Hb1X H 38py6eJKHblX CHMll03HyMSX H >KOHcpepeRIIHllX. 
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