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B yci<OPHTeJibHOH TeXHHI<e ,llJIR onpe,aeneHHR TOI<a H 

HHTeHCHBHOCTH n~I<a l!IHPOI<O HCnOJib3YIOTCR Mar"HHTOHH.IlYI<LI.HOHHNe 

,aaT'fHI<H 'T'PaHC¢oOPMaTOPN ·TOKa. O,aHOH H3 cneLJ,H¢oH'feCI<HX 

OCOI5e.HHOCTeff Tai<HX ,aaT'fHI<OB RBJIReTCR or-paHH'feHHNH CHH3Y 

'faC TO'I"HNH .aHana3oH (3¢>¢oei<'I" I<OHe'fHOr"O HHTer"PHPOBaHHR). 

OCol5eHHO RPKO 3TO npoRBnReTCR npH HX HCnOJib30BaHHH B 

LI,HI<JIH'feCKHX YCKOPHTeJIRX H Hai<onHTeJIRX, r-.ae BPeMR 

CYJileC'I"BOBaHHR n~I<a HaMHOr"O npeBOCXO.IlH'I" COI5C'I"BeHHOe · BPeMR 

HHTe~PHPOBaHHR ,llaT'fHI<a. npH 3TOM B BNXO,IlHOM CHr"Hane ,llaT'fHKa B 

YCTaHOBHBmeMCR pe~Me He co,aep~TCR nOCTORHHOH COCTaBJIR~eH: 

OCHOBHOH HH¢oOPMaLI.HH 0 cpe,aHeM TOKe nY'fKa. 

EOPbl5a C yi<a3aHHNM He,llOCTa'I"'<OM Be,ll~TCR no 'T'P~M OCHOBHNM 

HanpasneHHRM. npelK,Ile · BCer"O, 3TO TPa,llHLI,HOHHOe C'T'PeMneHHe I< 

yBeJIH'feHH~ COI5C'I"BeHHOr"O speMeHH HHTer"PHPOBaHHR 3a C'f~'I" 

H3r"OTOBJieHHR cep,ae'fHHKOB H3 MaTepHaJIOB C BNCOI<OH Mar"HH'I"HOH 

nPOHHLJ,aeMOC'I"b~ H yseJIH'feHHR 'fHCJia BH'I"'<OB OI5MO"ry'H 

'T'PaHC¢0PMaTOpa TOKa. npH 3TOM HaHI50Jibl!IHH 3¢'¢oei<'I" ,llOCTHr"aeTCR 

npH BBe,aeHHH B ,aaT'fHI< HH.IlYI<THBHOH O'T'PHUa'I"eJibHOH · Ol5pa'I"HOH 

CBR3H ( 1 ] 0COI50r"O BHHMaHHR 3aCJI~BaiCYr pai50'I"N ( 2 - 3 ], B 

I<OTOPNX 3¢'¢oei<'I" I<OHe'fHOr"O HH'I"er"PHPOBaHHR BNCOI<O'faCTO'I"HOr"O 

,aaT'fHKa I<OMneHCHpyeTCR 'n~M aHaJIOr"OBOr"O CYMMHPOBaHHR er-o 

cHr-Hana c CHr"HaJIOM 'T'PaHC¢oOPMaTOPa nOCTORHHOr"O TOI<a. 

YC'T'POHC'I"Ba, C03,1laHHNe no 3TI1M MeTO,IlHI<aM, n03BOJIRICYr Hai5JI~,Ila'I"b 

pa3r-pynnHPOBaHHNe nY'fKH. npH pai50'I"e CO Cr"PynnHPOBaHHNM nY'fi<OM 

(nOJIHaR MO.IlYJIRLI,HR .TOKa) B03MOlKHO BN,IleneHHe noCTORHHOH 

COCTaBJIR~meH: 3a C'f~'I" 3JieK'T'POHHOH HJIH LI,H¢oPOBOH ol5pai50'I"'<H 

cHr-Hana c ,aaT'fHKa (aKTHBHaR ¢oHJib'T'PaLI,HR, . npeLJ,H3HOHHNe 

BNnPRMH'I"eJIH • C'J"POI50CKOnH'feCI<Oe CI<aHHPOBaHHe H 'I".,Il. • CM, 

HanPHMep, [4]). 

B npoLJ,ecce pa3pai50'I"'<H O'I",IleJibHNX CHC'I"eM YHK 11%>83 B03HHI<Jia 
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noTPei5HocTb B npeLJ,H3HOHHOM ( ±3 ·1 0 ) · H3MepeHHH HHTeHCHBHOCTH 
. 4 

cr-pynnHPOBaHHOr"O nY'fi<a B ,llHHaMH'feCI<OM ,llHana30He 10 (no 
. -

nOCTORHHOH COCTaBJIR~meH:) npH 'faCTO'I"HOM cnei<'T'Pe nY'fl<a 0+200 

Mru. Ha .Ham B3r"JIR.Il. HaHoonee no.axo.aRmee pemeHHe B .aaHHoH: 
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C 11TYa-UI111 . MOJKHO 00Jly'-ii1Tb 3a CY~T ~JleKTPOHHOH o6pa6oTKH 

c Hr"Hana. flPH ~TOM no cpaBHeHHIO C l13BeCTHblMH YCTPOl1CTBaMl1 

He06XOtli1MO OOBI:lCHTb Ha OOP>ItlOK OTHOCHTeJlbHYIO TOYHOCTb 

113MepeH11H 11 cymecTBeHHO pacm1Pl1Tb tll1HaMl1YeCKl1H tll1ana3oH. 

Tpet5oBaHI15t Ha m1POKOOOJ10CHOCTb 113MePl1TeJ15t 06C~tla!OTC>t Hl1~e. 

l!Jl>t aHaJll13a pat5oTI:l Mar"Hl1TOI1HtlYY.U110HH01""0 aaT'iHKa 

nePBI1'iHI:lH . TOK (TOK ny'-iKa) MOJKHO npeacTaBl1Tb KaY. 

OOCJletlOBaTeJlbHOCTb OP>tMOyr.OJlbHI:lX 11MOYJlbCOB tlJll1TeJlbHOCTbiO d C 

nep11oaoM To, pasHI:lM speMeHI1 o6paweHI1>t. B ~TOM cnyYae sl:lxoaHoH 

C11r"HaJ1 TPaHC<t>OPMaTOpa TOKa ( OTKJ111)( Ha N- 11 11MOYJlbC) HMeeT 

B11tl, npetlCTaBJleHH~1 Ha PHC.l. 
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HyAeBOA ypoBeHb 

A8TYJ.1K8 

-----------··-> 

PHc.l. 061IlHH BHtl OTK JlHK a aaT'iHKa Ha OP>tMOyr.OJlbHI:lH 

c 
060POT 

HMOYJlbC. 

tlOCTaTO'iHOH TOYHOCTbiO HHTerpaJl TaKOl""O 

( HOPMHPOBaHHI:lH · Ha aMnJ111TYtlHOe 3HaYeHHe) 

cHr"Hana 3a 

MO~eT 61:lTb 

OPetlCTaBJleH CJletlYIOWHM Bl:lPa~eHHeM: 

ST 

Ttle Ti 

Bl:lpa~eHH>t 
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T i } + d(l - Ti). (1) 

OOCT05tHHa5t 11HTel""PHPOBaHH5t tlaT'iHKa. flepBI:lH YJleH 

OOHCI:lBaeT "npetll:lCTOPHIO" CHr"HaJla 11 H3MeH>teTC>t OT 
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HYJl>t nPH N=l ( nepsb!H o6opoT) ao · MaKCHMaJlbHOr"O 3Ha'ieHI1>t np11 

N·To»Ti ( yCTaHOBHBWHHC>t· pe:iMM). HMeHHO. ~TOT YJleH 

ot5ycJlaBJ1HBaeT l13Me~eHl1e BCer"O l1HTer"pana OT MaKCHMYMa tlO HYJl>t 

B nepexotlHOM pe:iMMe. 8ToPOH YJleH, ecnH· 6l:l er"o yaanocb 

Bl:ltleJll1Tb, C nor"peWHOCTbiO OOP>ttlKa To/Ti npetlCTaBJl>tJl 6l:l 11CKOMOe 

3Ha'ieHHe 11HTeHCl1BHOCTH Ha J1ID60M 060POTe.TaKOe Bl:ltleJleHI1e MOlKHO 

ot5ecneYHTb, eCJll1 l13Mepl1Tb 3HaYeHHe CHr"HaJla Ux (CM. PI1C.1) B · · 

MOMeHT BPeMeHH T:{ . ( TOK Oy'-iKa B ~TOT MOMeHT paseH HYJliO) 11 

BBeCTI1 COO!BeTCTBYIO!UYIO )(QppeKUHIO B Bl:lXOtlHOH CHr"HaJl tlaT'iHKa 

npH 11HTel""PHPOBaHl111. Ocot5o cneayeT noaYePKHyTb TPet5osaHHe 

cr"pynnuposaHHOCTH Oy'-iKa: B Te'lleHHe .o6opoTa He06XOtll1M 

OPOMe~K, KOr"tla TOK Oy'-iKa · paseH HYJliO ( Ha CaMOM tleJle B 

yCTaHOBl1BWeMC5t pe:iMMe· Bl:lXOtlHOH CHr"HaJl B ~TOT MOMeHT CTPOl""O 

nponoPUHOHaneH cpeaHeMy TOKY ny'-iKa). 

OpeanQ~eHH~1 anr"OPHTM, oKa3l:lsaeTC>t, snonHe ocymecTBHM c 

TO'iKH 3PeHl15t cxeMOTeXHI1KI1, OPH'i~M TPe6yeMa>t TOYHOCTb 

06ecne'il1BaeTC>t CTaHtlapTHOH ~JleMeHTHOH 6a30H. 

EnoK-cxeMa 113MePHTeJ15t npeacTasneHa Ha Pl1C.2. Opl1HUHn 

pa60TI:l COCTOHT B CJletlYIOweM. 8 MOMeHT BPeMeHl1 Tx HaKOOHTeJlbHa>t 

-~MKOCTb yCTPOHCTBa Bl:l60PKH-xPaHeHH5t ·( YBX) 3aP>t~eTC5t tlO 

MHA 

[
~>--~ 

;abl6opt<a 

t:l ~ 
I .YBX 

BbiXOA 

PHc.2.EJlOK~cxeMa H3MePHTeJl>t. 

Ml""HOBeHHOl""O 3Ha'ieHH5t cl1r"Hana aaT'iHKa. .aanee. B TeqeHHe 

speMeHH HHTel""PHPOBaHli>t Bl:lXOtlHOe Hanp>t~eHHe YBX noaa~TC>t Ha 

HeHHBePTMPY!OIIlHH BXOtl 11HTer"PaTOpa. TeM caMbiM 06ecneYHBaeTC>t 
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aHanorosoe Bbi'-II1TaHI1e "scefi npeabiCTOPI111 cl1i-'Hana". or J111'·111e 

Bbi'-II1TaeMOI""O OOCTO~HHOI""O Hanp~)!(eHI1~ OT MaTeMaTH'-!eCI<:OH ¢0PMbl 

aooaBI<I1 (nepBbiH ~JleH Bblpa)!(eHI1~ 1) COCTaBJl~eT BTOPOH nop~aoi< 

MaJ10CTI1 11 11MeeT OPOTHBOOOJlO)!(HblH 3Hai<, cneaosaTeJtbHO, He 

yseJ111'-111BaeT oomefi norpemHoc TI1. l!HarpaMMa 

OTHOCI1TeJ1bHO CTPYJCTyPbl OyYI<:a OPI1BeaeHa Ha P~1C. 3. 

To 
uyros 

cTpyKTypa nyYKa .YHK 

! 1·, ~f"" (y~IT~-
CTpo6 nepesap~AKa YBX 
AUn c6poF 11HTerpaTopa 

C 11HX POH~13 aU1111 

PHc.3.CTPyKTyPa n~I<:a 11 a11arpaMMa C11HXPOH113aU1111. 

nePBI1YHbiH npeoopa3osaTeJtb npeacTasn~eT 113 ceo~ 
I 

TPaHC¢0PMaTOP TOI<a, coaeP)!(al!li1H 200 BI1TI<OB nposoaa HrT<ll-0, 18 

Ha cepae'1HI1I<e ~13 

npOH11UaeMOCTb B 

MeTI""Jtacca 82K3XCP (OTHOCHTeJ1bHa.fl MarHHTHaH 
. 4 . 

3aMai""HH'-!eHHOM COCTO~H1111 OKOJ10 4 ·10 ) . 

nocTO~HHa~ 11HTei""PI1POBaHI1~ COCTaBI1Jla nop~aKa 20 .· MC, '-ITO· 

ooecneYI1BaeT coocTBeHHYIO norpemHOCTb aaTYHI<a ±0, 15% (an~ I 

cryneHI1 YHK To=70 MKC). 

·Lln~ 11ccneaosaH11~ 11 HanaaKI1 YCTPOHCTBa obiJl C03aaH 

cneul1aJ1bHbiH CTeHa, coaeP)!(al!li1H 11M11TaTOP CTPYJCTYPbl TOI<a OyYI<:a, 

I<aill1oPOBaHHbiH I<OHTYP 113MepeHI1~ 11HTerpana nepBI1'-IHOI""O TOI<:a 11 

CI1CTeMy CI1H.XPOH113aU1111. 

OPI1MeH~J111Cb Allil 12/16 

Lln~ 
[5] 

UH<I>POBOH oopaooTI<H c11rHanos 

Ooecne'-!11BaBWI1e OTHOCHTeJlbHYIO 
-4 

norpemHOCTb ~13MepeHHff Ha ypOBHe 5 ·1 0 YnpasJteHHe CTeHaOM, 

coop 11 oopaooTI<:a HH40PMaUH11 ocymecTBn~nacb. n3BJ-:f"npaseu-16~' Ha 

PI1C.4 np11seaefibl pe3yJtbTaTbl CTeHaOBbiX 3I<cnePI1MeHTOB. 

Hccneaosanac b 3aBI1C11MOCTb cHrHana 113MePI1TeJ1~ OT 11HTerpana 

nepBI1'-IHOJ:'O TOI<a. '0rHOCI1TeJtbHOe OTI<JlOHeHHe OT J111HeHHOH 

3aBI1CI1MOCTH He npes~maeT 0,3%. 

4 

l 
r 
I 

.~ 
v 

5 / u 

j 4 . / 
!3 ~ , 
u 

~ 2 
u 

t. 5 ~ 3 
1 

wrrerp811· nep81M10ro .TOt<a 

PHc.4. 3I<cnePI1MeHTaJ1bHble pe3yJtbTaTbl. 

BpeMeHHa~ CTaoi1JlbHOCTb onpeaen~eTC~ apefi<I>OM HYJl~ 

onepaU110HHOr'O YCI1J111TeJ1~ 11 COCTaBJl~eT eaHH11Ubl MHJ1Jli1BOJ1bT 

(K140YlU. 7A), '-ITO He npesblmaeT 0 1 1% Mai<CI1MaJ1bHOr'O 3Ha'-!eHI1~ 

BbiXOaHOI""O CHJ:'Hana. 

C TO'-!I<I1 3PeHI1~ 113MePeHI1~ 11HTerpana Cl1r'Hana orpaHI1'-IeHHe 
' 

nepeaaTO'-!HOH <I>YHI<U1111 YCTPOHCTBa B OoJlaCTH BePXHHX YaCTOT (B 

·OCHOBHOM 3a cY~T napaMeTPoB onepaul1oHHoro yci1Jti1TeJt~) np11soa11T 

He· I<. noTepe HH¢0PMaUH11, a K 3aaep)!(J(e Ha HeKoTOpoe speM~. s 

TeqeHHe KOTOPOr'O 11HTerpan CTaHOBHTC~ aaei<BaTeH BxoaHOMY TOI<:y. 

B HaWeM CJlyYae 3TO Bpe~ COCTaBI1J10 OKOJ10 0; 1 MKC. 3TO, no 

cymecTBy, eai1HCTBeHHOe )!(~CTI<:Oe YCJ10BI1e Ha CI1HXPOHI13aU1110. 0HO 

snonHe npHeMJteMo (MHHI1MaJ1bHblH npoMe~K Me)!(tly uyraMH 

COCTaBJl~eT 0,6 MI<C). 

Hcnonb3yeMble I<OMMyTaUHOHHble I<Jt!0'-111 K590KH8 no3BOJ1~10T 

nporpaMMHhlM o6pasoM HSMeHHTb ~HHaMHqecKHa ~HanasoH ycTpoacTBa 

(B 3aBI1CI1MOCTH OT c wryau1-m K onepaU110HHOMY YCI1J111TeJ110 

noaKJliO'-!aeTC~ · Ta 11J111 11Ha~ 11HTer'PI1PYIO!lla~ ~MKOCTb). 3TO 

ll03BOJ1~eT r'OBOPI1Tb Oo orpaHH'-IeHI111 ai1HaMHYeCI<:Or'O al1ana30Ha 

TOJlbi<() B CMNCJle COOTHOWeHI1~ CI1J:'HaJt/myM. 

TaKHM oopa3oM, noKa3aHo, '-ITO npeanaraeMa~ cxeMa MO)!(eT 

CJlY'fGiTb OCHOBOH an~ Pa3paoOTKI1 YCTPOHCTB TO'-IHOJ:'O 11 

onepaTHBHOr'O KOHTPOJl~ 11HTeHC11BHOCTH crpynni1POBaHHOr'O llyYKa B 

U11KJ111'-IeCKI1X YCKOPI1TeJ1~X. 

ABTOPbl BbiPalf(aiOT rnyoOKYIO nPI13HaTeJtbHOCTb 11. M. EonoTHHY 

(MPTH) 3a llOMO!llb B paoOTe. 
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