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06m:aH xaparrrepHCTIIKa pa60Thl 

AK111yanbuocmb 

Pa3pa6oTKa cHcTeM no.aanneHHl! nonepe'IHbIX Kone6amrn (CIIIIK) nyqKOB JJBJIJJeTCJl 

aKTYaJibHOH 32,lla'leH B o6nacni: ycKopHTen1,noii Texmum. 3-ro o6ycnonnetto TPe6onan11eM 

BblCOKOH CBeTHMOCTH nyqKa, neo6XO,llllMOH ,llJIJl conpeMeHHbIX 3KcnepHMeHTOB <l>H3HKH 

JJieMeHTapHbIX '13CTHU. CneTIIMOCTb onpe.aeJIJleTCll IlOTOKOM '12CTHU, H ,llJIJl ee IlOBbIIIIeHHll 

O.llHHaKOB0 BaJKH0 KaK ynenWie1me nommro ToKa, TaK H npe.llOTBpa1.qe1me poem nonepe'lnoro 

ce'leHJIJI nyqKa. ~ BblIIOJIHeHlll! 3TIIX 3a,[la'I B cocmB UllKJIH'leCKHX ycKOpHTeJieii BBO.llllTCJl 

CIUlK. 

CttcTeMhl nonepe'IHOH o6paTHOH CBJl3ll o6ecne'IHBalOT KOppeKUIIIO Ol11H60K HIDKeKL{llll 

H KOMileHCHPYJOT pa3BHTHe KorepeHTHhlX nonepe'IHblX tteycTOH'IHBOCTeii. TeM C3MblM OH.II 

n03B0JIJllOT HaKallJIHBaTh nyqKH BblCOKOH HHTeHCHBHOCTH, npeITl!TCTBYll 6bICTPOMY poCTy 

')MIITTanca H CHIDKeH!IIO CBeTHM0CTH nyqKa. ·cnnK C0CT0llT H3 ,[laT'IHKa Il0JI0)l(eJmll, 

,neKTP0HHblX YCTPOHCTB o6pa6oTKH CHrttana, YCHJIHTenll M0J.qH0CTH n llCil0JIHHTeJibH0fO 

YCTPOHCTBa - KHKepa. ,llaT'IHK Il0JI0)l(eHHll perHCTPHpyeT 0TKJI0HeHHe ueHTPa TJl)l(eCTH nyqKa 

OT paBHOBeCHOH op6i!Tbl B MeCTe ero pacnoJI0)l(eHlll!. C11rnan C ,[laT'IHKa npeo6paJyeTCJl B 

C00TBeTCTBHH C ,[leTepMHHHpOBanuoii .lll!HaMHKOH nyqKa, ycHJIHBaeTCll .ll0 3a,[laHH0ro yp0BHll ll 

c 11eo6XO.lll1MOH 3a.lleplKKOH Il0,[laeTCll Ha KHKep, f.lle npoHCXO.llllT H3MeHeHHe yrna HaKJI011a 

1-paeKT0pHH nyqKa na BeJIH'IHHY, nponopUH0HaJibHYJO H3MepeHH0MY 0TKJI0HeHIIIO. BeJIH'IHHa 

3a.llep)l(KH IlO.ll6HpaeTCll mKHM o6pa30M, 'IT06bl B03.lleHCTBHe B KHKepe 6blJIO CHHXp0HH30Ba110 

C Il0Ka3aHlll!Mll ,[laT'IHKa Il0JI0lKeHlll! Ml! 0.llHllX H Tex lKe 'laCTHU. 

B C0BpeMel!HblX npoeKmX ycKopHTeJieii H KOJIJiaii.llepoB Ha CBepXBblC0KHe ::ineprHH 

IlO.ll06HblM CHCTeMaM y.lleJIJleTCll oco6oe BHHManue. BMeCTe C TeM HMeHH0 ,llJIJl TaKIIX 

ycTaHOBOK peanH3aUHll CIIIIK TP2.llHUH0HHbIMH cnoco6aMH cmH0BHTCll 3aTPy.lllllITeJibH0ii H3-

3a 0.llH0BpeMeHH0ro poem TPe6oBaHllii Ha Mom110CTb ll lllllp0K0il0JI0CII0CTb CHCTeM. B CBll3H C 

)TUM B03HIIKaeT IlOTPe6HOCTb B Il0HCKe cnoco6oB Il0BbIIIIeHHJI ::i<t><t>eKTHBH0CTH pa60Tb1 KaK 

CHCTeM B ueJI0M, TaK ll 0T.lleJibHblX YCTPOHCTB, B nepBYJO 0'leJ?e.llb - YCTPOHCTB ycHJieHHJI 

M0IUII0CTH. 

HaCTOl!J.qal! pa6om Il0CBl!J.qeHa HCCJie,[loBaHIIIO BJllll!HHll pe)KJIM0B pa6oTbl CIIIIK 11a 

TeMil Il0.llaBJieHHJI KOJie6amrn, pa3pa6oTKe H C03,llaHIIIO YCTPOHCTB ,llJIJl HX ocymeCTBJieHHJI. 
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Pe3yJibTaThl HCCJie.noBaHHil: H pa3pa6oTOK npmi:eHeHbI JlIDl CO3JlaIIllil KOMIIJieKca reHepampoB 

• MOIIIHbIX mi:nyJihCOB CIIIIK I CTYIIeHII YHK (YcKopHTeJibHO-HaKoIIHTeJibHbtii KoMIIJieKc, 

TTpoTBHHo), .llIDl Mo.neJIHpOBaIIllil ycHJIHTeJieii:-q>OpMHpOBaTeJieii: CIIIIK LHC (EoJibllIOii: 

A.npoHIII,tii KoJIJiaii:Aep, ~PH), .llIDl oITrnMmruurn pe)l(IIMa pa6on1 CIIIIK SPS (Cynep 

TTpoTOHilbIH CmixpoTPOH, ~PH). 

I(enb pa6omb1 

• pa3pa6oTKa H C03JlaHIIe MOIIIHblX nperunHOHllblX mi:nyJibCHblX reHepampoB Alli! 

CHCTeMbl rro.naBJieHHJI HaqaJibHbIX Korre6aHHil: JIY'!Ka 1 czyrreHII YHK; 

• HCCJieJlOBaJIBe BJIHJIHHJI pe)l(IIMOB pa60Thl CHCTeM no.naBJieHHJI Ha JlHHfilllJKY JIY'!Ka B 

IIJiK]InqecKHX ycKopHTeJIJIX; 

• pa3pa60TKa l',IOJleJIH MOmHoro ycHJIHTemr-q>OpMHpOBaTemr JlIDl CHCTeMbl IIOJlaBJiemui:' 

rronepe=ix KorepeHTHbIX KOJie6aHHil: JIY'!Ka LHC; 

• IIOBbillleHIIe Jq>q>eKTHBHOCTH pa6on1 CHCTeM IIOJlaBJieHHJI nonepe'IllbIX KOrepeHTHbIX 

KoJie6aHHil: JIY'!Ka 3a cqeT oITrnMmruurn pe)l(llMa. 

Hay•m(lJI H06U3Ha 

• BrrepBbie o60CHOBaH H ocymeCTBJieH MeTOJl IUI<ppOBOro Mo.nerrnpoBaHHJI o6panmii: 

CBJl3H MOIIIHbIX pa.nnoqimnqecKHX H mfIIYJibCHbIX YCTPOii:CTB; 

• BrrepBbie pa3pa6ornna H ocymecTI1I1ena MeTOAHKa orrepanIBHoro mMepeHHJ1 BpeMeHII 

no.nasrreHHJI rrorrepe'IllbIX Korre6aHHil:; 

• BnepBbie o6ocHoBaH H JKcrrepmi:eHTaJibHO rro.nrnep)KJ{eH "rrornqecKHii:" pe)l(I™ 

IIOJlaBJieHHJI rronepe'IllbIX KorepeHTHbIX KOJie6aHHil: JIY'IKOB Ha OCHOBe CHCTeM co 

czyrrenqamii: nepe.nam-oii: q>YffK1Weil:; 

• BnepBbie C03JlaHa CHCTeMa KOppeKIWII OllIH60K HJDKeKIWII C HCIIOJib3OBaJIBeM 

mfIIYJibCHOro reHepampa BMeCTo YCHJIHTellil MOmHOCTH. 

Ilpa«mu11ec«(lJI u,emwcmb 

• C03JlaH KOMIIJieKC MOmHbIX nperunHOHlll,IX mfIIYJibCHbIX renepaTopoB JlIDl CHCTeMbI 

no.naBrreHHJI HaqaJibHblX Korre6aHHil: JIY'!Ka 1 CTyneHII YHK; 
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• pa3pa6oTaHa Mo.neJib MOIIIHOro ycHJIHTellil-q>OpMHpoBaTemr JlJIJI CHCTeMbl no.naBJieHHJI 

rrorrepe'IllbIX KOrepeHTHbIX KOJie6aHHil: JIY'!Ka LHC; 

• HCIIOJib3OBaHIIe MeTOJlllKH orrepaTHBHOro H3MepeHllJI BpeMeHH no.naBJICllllll 

rrorrepe'IllbIX Korre6aHHil: nO3BOJIHJIO Bblpa6oTaTb peKOMe1maIIHH no OITTHMll3aIIHH 

pe)l(llMa pa6oTbI CIIIIK SPS. 

Aamop 3aU(UU(aem 

• cxeMoTexnnqecKoe perne1111e, npm11111n .neiicTBHll H Tex11w-1ecKy10 peamnaIImo 

MOIIIHblX npe11113HOHHblX HMHYJibCHblX renepaTopoB JlJlll CIICTeMbl 11O.naBne11mI 

11a'larrb11bIx Korre6a11ttii nyqKa I cryne,m YHK c 6b1cTpoii 1apl!JlKOII cpopMttpy10u1cii 

JIIIIIHH; 

• cxeMOTeXHH'leCKOe · perne1111e H npmuum {lellCTBHll MOIUIIOl'O ycHJHITCJlll­

¢opM11poBaTeJil1 C ll3Melll!CMOII xapaKTepttCTHKOII JlJlll CIICTCMhl ll(l/laBJICllllll 

noncpe•IHblX KorepeHTHblX KOJie6a,mii ny4Ka LHC; 

• MeTOJl Mo.nerrnpoBaHHJI napaMCTPOB BblXOJlHOrO c11rmuIa Jlilll nOBl,fllJC!lllll 

Jcjiq>eKTIIBHOCTH MOIUllblX pa.n11oqi11311qeCKIIX H HMnyrrbC!lblX YCTPOIICTB; 

• MeTOJlllKY oncpaTHBIIOfO ll'.lMepeHllll BpeMelltt 11O,naBJICIIHll nonepe4HblX KOJie6a1mii, 

np1111111111 JlCIICTBl!ll ll CXCMOTCXllll4CCKOe pemc,mc amiaparypbl ,nJUI ee 

OC)'ll{CCTBJICIIHll; 

• TCOpCTll'ICCKOe 06oc110Balllle ll )KCnepnMellTaJil,IIOC 11O.!lTBep)l(JleHne pe)l(IIMa 

llOJtaBJIClll!ll noncpC4111,IX KorepeHTHblX Korre6auuii nyqKOB 11a OCHOBe CHCTeM co 

CT)'IICil'laTOII ncpc,naT0411011 <pyttKl{Heii ("rrornqecKnii" pC)l(HM ). 

Anpo6au,ua u ny6J1u«au,uu 

}])1ccepTal111JI ,rnrmcaua Ha OCHOBC 11ayqHb!X pa6oT, BblllOJIHeHHblX aBTOpOM IIJIH C 

yqacrneM ainopa B Jla6opampnu cBepXBbICOKHX JHeprnii Ol1Jll1 B nepnon c 1990 no 1997 

ro,l. l-hJIO)l(ellllble B 11eii MaTcpttarrbl 

• .noKJia.nhrniuiucb 11a cOBe111au11J1x; npoxo.nUBlllHX B Ol1Jll1, 11<1>B3 tt MPTH B paMKax 

pa6oT no cm.naumo cucTeMbI no.naBrreullJI Alli! 1 czyneHII YHK; 

• o6Cy)KJ{aJillCb B ycKOpHTCJibllOM no.npa:3.neJiellliH ~PH B CBJl3ll C pa60TaMH no 

co3.nan1110 cucTeMbI rro,naBJielllIJI Alli! LHC; 
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• AOKJiaJU,!BaJlllCI, Ha Hayqm,IX ceMJIBapax Jia6opaTOpllll CBepXBbICOKliX :mepnrn 

O:llilli; 
~-

• 06c)')KJ{aJlllc1, Ha pa6o'!eM coBemaHllll ICFA, 3pll'lll, lfraJIIDI, 1994. 

• 06c)')KJ{aJlllc1, Ha pa6o'leM coBemaHllll ICFA, Mompe, liIBe~apilll, 1996. 

• AOKJI~bIBaJlllCb Ha 

XII Bcecoro3HOM CoBelllaHllll no ycKopHTelllIM 3apIDKeHHbIX qacTilll (MocKBa, 

CCCP, 1990 r.); 

XIII CoBemaHllll no ycKOpHTelllIM 3apIDKeHHbIX qacnm (,lzy6Ha, Poccilll, 1992 r.); 

XIV CoBemaHllll no ycKopHTelllIM 3apIDKeHHbIX qacTilll (IlpoTBHHO, PoccllJI, 1994 

r.); 

MeX<JzyHapoAHOll KOHcpepeHil}lll IIO ycKOpHTelllIM (raM5ypr, <l>Pr, 1992 r.); 

HannOHaJII,HOii KOHcpepeHllllll no ycKopHTelllIM PAC93 (BamHHIToH, ClllA, 1993 

r.). 

EBporreiicKoii KOHcpepeHllllll IIO YCKOpHTelllIM EPAC95 (JlOHAOH, 

BeID1Ko6pHTaH1UI, 1995 r.). 

Pa6o'leM coBemaHllll ICFA "Cooling&Damping-96". 

HaJWOHaJII,HOH KOHcpepeHllllll no ycKOpHTeJUIM P AC97 (BaHKyBep, KaH~a. 1997). 

Ilo pe3yJU,TaTaM AHCCePTanllll ony6ID1KoBaHO 9 pa6oT •. 

CmpyKlnypa u ome.M ouccepmal(uu 

~CCePTanlll COCTOHT ll3 BBeAeHllJI, -rpex rJiaB ll 3aKJIIO'leHllJI. Pa6oTa ll3JIO)KeHa Ha 73 

CTJlaHllIJax, BKJIIO'lall 41 pHCYHOK. 

Co.i.epacauue pa6oTLI 

Bo ____ BBeJJeHHH o6ocHOBaHa aKTYaJII,HOCTh rrpo6JieMbI, KpaTKO oxapmepll30BaHbl 

COBpeMeHHoe cocro,nrne n TeHAeHllllll pa3BllTllJI CllCTeM. IIOAaBJieHllJI KOJie6aHllll nyqKOB. 

IloKa3aHo, 'ITO pemeHHe 3~a'lll o IIOBbIIlleHllll 3cpcpeKTIIBHOCTH pa60Thl CIIIIK MO)KeT 6b1Th 

CBH3aHO rrpe)l(Ae BCero C llCCJieAOBaHllJIMll He'I}l~llillIOHHbIX crroco6oB IIOAaBJieHllJI ll 

pa3pa60TKOH COOTBeTCBYIOIIlllX yc-rpoiiCTB. Pe'lb HAeT O pe=ax, . IIpH KOTOpbIX CllrHaJI, 

rrocryrraromnii Ha llCIIOmnITeJU,HOe yc-rpoiiCTBO ite rrporropIUIOHaJieH ll3MepeHHOMY 

OTKJIOHeHHIO nyqKa. Ilpn 3TOM rrepeAaTO'lHall 4lYHKIUIH CllCTeMbl CTaHOBHTCH HeJlllHeirnoii. 
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TaKHe pe)ICTJMI,I 1103BOJIHIOT llCIIOJlb30BaTh B Ka'leCTBe yc-rpoiiCTB ycnJieHllJI MOlllHOCTH 

ttMnyJibCHbie reHepaTOpbl BMeCTO IIIHpOKOIIOJIOCHbIX YCHJIHTeJieii lIJIH crre11HaJII,Hble 

YClIJIHTeJIH-qJOpMnpoBaTeJIH C ll3MeHHeMOll xapaKTepHCTHKOll. IlOKa3aHo, 'ITO CO'leTaHHe 

OITTHMH3HpOBaHHbIX pe)KllMOB H HOBI,IX cxeMOTeXHll'leCKliX pememrn HBJUleTCll 

rrepcrreKTHBHblM II II03BOJUleT IIOBblCHTh 3cpcpeKTHBHOCTh CIIIIK. 

B neI!_BOH rnane rrpeACTaBJieHbI pe3yJibTaThI pa3pa6oTKH H C03AaHllJI MOlllHblX 

iipe11mHOHHblX HMnyJibCHblX reHepaTopoB Ami CHCTeMI,J IIOAaBJieHIIH Ha'laJibHblX Kone6anui1 

ny'lKa 1 cryrreHn YHK. 

AHaJIH3 rrpoeKTHblX rrapaMe-rpOB rrepBOll CTJIIeHH YHK (lfH)KeKllHOHHall )KeCTKOCTb 

nyqKa, BeJIH'lllHa O)KHAaeMbIX OIIIH60K lfH)KeKIUIH, BpeMH pa3BHTllJI KOrepeHTHblX 

HeycTOli'IHBOCTeii ll T.A.) AaeT 011eHKy Heo6XOAHMOH cpeAHeii MOlllHOCTH KJiaCCH'leCKOH_ 

CIIIIK B 5 MBT. IIpH 3TOM O'leBHAHO, 'ITO IIOA06Horo ypOBHH MOlllHOCTH -rpe6yeT Jlllllib 

KOppeKllllJI OIIIll60K lfH)KeKWIH, TOrAa KaK Ami KOMIIeHcamrn pe3HCTHBHOll HeyCTOll'lHBOCTH 

;iocTaTO'lHO yc-rpoiicTBa r.rnmnOCThIO OKOJIO 40 KBT. B 3TOll CHTYawrn 6MJIO IIpHHHTO peIIIeHile 

0 C03AaHllll OTJleJU,HOll CHCTeMbl Ami KOMI1enca11HH Ha'laJII,HI,IX OIIIH60K Ha OCHOBe 

HMnynr,cnoro reHeparopa. Tpe6yeMal! cjiopMa mmym,coB TOKa B yAapHOM MarnHTe 

rrpeACTaBJieHa Ha Puc. l; aMIIJIHTYAa JlOJl)KHa AOCTHraTh 500 A; TO'lHOCTh ycTaHOBKH 

aMIIJIHTYAhl ±3%; reHeparop AOJl)KeH cpopMHpOBaTh cepllll AO AeCHTlI HMnyJibCOB. BpeMll 

cpopMHpOBaHllJI HMnynr,ca He AOJl)KHO rrpeBbilIIaTh 50 MKC. 

I/lo 
------_-_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_-_ -----...... ----- 1.03 - " 0.97 

--,i----t-------------+---='~- O.GJ 

0.6 4.85 <5 I. µs 

Pttc. I Tpe60BaHIIH Ha cpopl\fY m1nyn1,ca TOKa B KHKepax CHCTeMhl KOppeK11HH OIIIH60K 

IUDKeKllHH. 
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l1MnyJibC TOKa TJ)e6yeMoii aMIIJUITY)lbl .Ii )lJI.IITeJibHOCT.11 YJl06Hee Bcero cpopM.!ipOBaTh C 

IlOMOIUblO .IICKJCCTBeHlIOH )lJI.liHllOH mnnm. CJMMapnrux eMKOCTh JI.lilllilI COCTaBJIJleT 100+300 

n<l>. 3apJI)lKa TaKOH eMKOCT.11 B Te'leH.lle 50 MKC )lO 3a)lam10ro 3Ha'leHllll C TO'lHOCThIO 3% 

npe)lCTaBJIJleT co6oii CJIO:lKH)'IO TeXHil'leCKJIO 3a)laqy. Il03TOMY 6bIJIO npe)lJIOJKeHO 

npe)lBap!ITeJibHO 3apJDl(eHllYIO )lO MaKC.IIMaJibHOro HanpJDl(eHIDI JI.lill.lilO pa3pJDl(aTb )lO 

neo6xo)l.11MOro ypoBIDI 3a BpeMll, He npeBb1IIIa10mee 50 MKC. O6mrux nplfiillllll.liaJibHruI cxeMa 

reHeparnpa npe)lcTaBJieHa Ha Puc. 2. 

HV 

T Tc Tc Tc __ :r 

Puc. 2 O6mall cxeMa reHeparnpa. 

R 

LN 

C 

8 Ha'laJibHOM COCTOllHUU eMKOCTb JIUHU.li 3aplllKeHa_ )lO HanpllJKeHUll Uo, 

COOTBeTCTBYIOIUero MaKC.IIMaJibHOMY TJ)e6yeMOMY TOKY B Harpy3Ke. Ilpu cpa6aTb1BaHUU 

KOMMJTaTOpa T2 BCll cpopMUPYIOlllruI JI.IIHHll pa3pJDl(aeTCll no 3KCilOHeHUUaJibHOMY 3aKOHY, ~aK 

cocpe)lOTO'leHHruI eMKOCTb. 3cpcpeKT.IIBHOe 3Ha'leH.lle pa3pJI)lHblX conpOTUBJieH.llii R IlO)lo6paHo 

TaK, 'ITO BpeMl! pa3pJI)lK.II )lO ypoBIDI HanpJDl(eH.lill 0.03 Uo ne npeBbIIIIaeT 40 MKC. 

KoMMJTaTOp T3 (T4) cpa6aTbIBaeT qepe3 o6opoT nocne MOMema U3MepeH.llll (rn-ecTb a 
'· 

MOMem npoxolK)le1mJ1 uyra 'lepe3 MarHHT). 3aKoH npeo6pa30BaH.llll mMepeHHoro oTKJioHeHHl! 

A BO BpeMll ,1/ BKJIIO'leHIDI T2 Bb16.11paeTCll TaK.IIM o6pa30M, 'lT06bI K MOMeHTY cpa6aTbIBaH.llll 

T3 (T4) na JimmH 6bmo HanpJDl(eHHe, cooTBeTCTBJIOIUee TOKY, Heo6xo)l.11MOMY JtJUI 

JleMnqJ.!ipOBaH.llllA. 3nIOpbI, .liMIOCTJl.!ipYIOIUHe np.lilIU.IIIl pa60Th1 cxeMbI, noKa3aHbI Ha P.11c. 3. 

OcHOBHruI oco6eHHOCTh Ilplfiillllll.liaJibHOli cxeMbI cpopM.!ipJIOIUeli mnnm onpe)leJIJieTCll 

Heo6XO)l.llMOCThIO ee 'laCT.ll'lHOro pa3pll)la KaK cocpe)lOTO'leHHoii eMKOCT.11. O6mrux 

IIIYHTHpOBKa 3BellbeB mnnm pa3pJl)lllblM.II pe3ucrnpaMH (TBO-20, l KOM) np.llBOJllIT K 

IlOJIBJieHlIIO HaKJIOHa IlJlaTO .IIMnyJibCa, KOTOpbill BblXO)llIT 3a ;ionyCT.IIMbie npe)leJibI •. 
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h MOMCHT H3Mepel!Hll 

n 3anycK T2 

' 
20 ~+ Lit 

I I JanycK TJ (T4) n 
I pa3pH.1l JIHHHH 

BblX0.1lHOH HMTTYJlbC I\ 
P.11c. 3 BpeMeHHall )lUarpaMMa pa60Tbl CUCTeMbl. 

.ll:JIJI KOMileHCaU.IIH 3TOro 3cpcpeKTa B JIUHHIO BBe)leHa HCOJllIOpOJlllOCTb 3a C'leT 

Jllll!CHl!Oro U3MeHeHHll 3Ha'leHUH UHJlYKTHBIIOCTeii OT 3Be11a. K '3BeHy. '.:hu lKC llHJlYKTHBIIOCTH 

llBJlllJIUCh OCHOBHbIMU 3JieMeHTaMH HaCTJ)OHKH JIUHHU npu KOMI1eHca1111H ecTeCTBCIIHOro 

pa36poca napaMCTJ)OB eMKOCTeii (HCITOJlb30BaJIHCb KOH)leucaTOpbl KI 5- IO 15H<l> ). Bae)leHue 

KOMMYTaTOpa T4, BKJIIO'leHHOro Ha MarHIIT C o6paTHblM HanpaBnenneM TOKa, 1103BOJIHJIO 

IIOJIY'laTb pa3HOilOJillpHbie .IIMnyJibCbl MarHHTHOr~ IlOJill OT reHcpaTopa C O)lHOilOJillpHbIM 

'3apl!JlHbIM HanpHJKeHHCM. 

Co6pa1rnrux JIHIUUI UMCeT 3cpcpeKTHBHOC BOJIHOB0C conp0THBJICHUC 17 OM, 'IT0 

o6ecne4IIJIO ee cornacoaa,me C cjiH)lepoM. B Ka'ICCTBe K0MMJTaTOpOB. 6bIJIU HCI10Jlb30BaHbl . 
TnpaTJ)0Hbl TrHl-1000/25 • .ll:miaMH'ICCKHH )lHana30H aMI1JIHTYJl T0K0B Ha Bb!X0)le reneparnpa 

C0CTaBJillCT 30+1000 A, 'ITO npn 3a)laHIIOH 11arpy3Ke C00TBCTCTBYCT 11anplllKCHHllM 0.51+17 

KB. 3TH 3HatJeHIDI C0OTBeTCTBYIOT nacnopnIOMY pC)l{HMY pa60Tbl TnpaTJ)0H0B. 

KaK 0TMC'laJI0Cb BbIIIIe, ClICTeMa npeJlYCMaTJ)HBaCT B03M0lKH0CTb B03)lCllCTBHll Ha II)"IOK 

cepHeli )lO IO HMnyJibC0B. Bo3MOlKHOCTh cpopMnpoaaH.llll nocneJlYIOll.{.IIX HMnyJibC0B B cepHH 

ocymecTBJIJICTCJI cxeMoli 6b!CTJ)OH 3apl1JlKH cpopM.!ipJIOIUeii JIHIIH.11 )l0 IICK0T0poro 

MaKCHMaJibH0ro ypoBHJI. ,[l.anee npouecc reHepaU.IIH lIMnyJibca HC06XO)llIMOH aMilJlffTY)lbl H 

noJIJipH0CTll IIOJIH0CTblO COOTBeTCTByeT 0llll.CaHH0MY Bbillle. 

)KeCTKHC TJ)C60Ballllll K TO'lH0CHlbIM rrapaMCTJ)aM CIIIIK orrpe)leJillIOT 11eo6XO)l.llMOCTh 

C0J)laH.IIJI CIICUllaJibHOli ClICTeMbl ynpaBneH.IIJI, KOToprux )l0JIJKHa aHan.113UpoBaTb He T0JibK0 

BHelllIDfC napaMel]lbl (HOpMaJIH30BaHHbie Il0Ka3aH.IIJI )la~oB nonoJKeH.lill ny'IKa, 

c.llllXpOlill3aIIHll 1; T.rr), Hou BHyTJ>eHHee cocToJIH.lle reuepaTopa. KpoMe rnro, B aBT0H0MH0M n 

CTCH)l0B0M peJKHMax CHCTeMa ynpaBneHIDI )lOJIJKHa 06ecne11.11BaTh B03M0JKH0CTh np0BC)lCHllll 

HCCJIC)lOBaHHll rrapaMCTJ)OB reueparnpa, ero HaCTJ)0llKII u TeCT.!ipOBalillJI. 
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Pa1pa60Tamn,rli reHepaTop BMeCTe C CllCTeMOH ynpam1eHill1 o6mmaer O.[\HOH 

rrprnrrumnam.Hoii oco6eHHocn.10. O61,l'Illo MJ1 o6ecneqeHilll rpe6yeMbIX 3Haqemrll: 
~­

CTa6HJibHOCm ll T0qH0CTll pa6on.1 ycrpoiicrn B lIX C0CTaB BB0.[\HTCJI I(elll, o6paTHOH CBJl3II. Ha 

Haqa.rr1,Hoii CT~ pa1pa60Tlill .naHHoro reHepaTopa paccMarpIIBa.rrcll HMeHHo TaKoii BapnaHT. 

O.nHaK0 B npo11ecce llCCJie.[\OBamrli BWICHlIJI0CI,, qro 60JII,illaJl K0MMYTrrpyeMaJl M0IDH0CTh 

rrpIIB0.L\HT K HeCTa6HJil,HOCTll pa6on.1 CaMOH CllCTeMbI o6pamoii CBJl3ll. C .npyroii crnpm11,1, 

ccpopMYJIHp0BaHHI,Ie rpe6oBaHilll Ha reHeparnp He Monrn 6un. 06ecrreqem,1 6e3 

COOTBeTCTBYIQmeii CllCTeMbI K0Hrp0JIJl. 

,lvill pememrn 3Toii rrpo6neMM 61,ma ncnofil30BaHa oco6aJ1 crpYKTYPa cncTeMbI 

ynpaBJieHHJI reHepaT0p0M. Ilprnrrumna.rr1,Hoii oco6eHHOCThIO CIICTeMbI ynpaBJieHilll JlBJIJleTCJI 

Ha.rrnqne B Heii HHTepnoJIJ1Topa - ABYMepHOH 3JieKrpOHHOH MarpHI(I,I rrpeo6pa30BaHilll 

rrapaMerp0B BX0.llH0r0 CHrHa.rra B napaMerpM BI,IX0.llH0r0 C yqeroM TeKYmero C0CT0filllill 

reHeparnpa B 11enoM. Co.nep)l(aHHe MarpHI(I,r cpopM1rpyeTCJ1 Ha ocHoBe rmaTefilHI,IX IDMepemrll: 

peam,m,rx xapaKTepncTIIK K~oro K0HKpemoro reHepaTopa BO Bcex B03M0)l(HI,IX 

KOM6HHaI(HJIX pa6o= ycJIOBHH. TeM caMbIM HHTepnoJIJ1Top JlBJIJleTCJI aAeKBaTIIOH I(H!ppOBOH 

M0.[\eJII,IO peam,Horo reHepaTopa. AH= Il0Ka3aJI IIpHHI(llilllaJil,HYIO B03M0)l(H0CTh 

npHMeHeHilll TaK0r0 cnoco6a ynpamrelllill B CaMI,IX pa3H006pa3HI,IX M0IDHI,IX 

pa.nnocpmnqecKIIX ycrpoiicrnax, i:io3B0JIJl!OmYI0 roBopHTh 06 o6ocHoBmnrn n peanmaI(HU 

11ncpp0Boro Mo.nenrrpoBaHilll o6panmii CBJ13ll HMeHHo KaK o6mero MeTo.na. 

lfaroTOBJieHHI,Iii reHeparnp BMecre c cncTeMoii ynpaBnemrn 61,m Ha.rr=eH H-HCfilITaH Ha 

cnel(HaJII,H0 o6opy.noBaHHOM BI,IC0K0B0JII,TH0M CTell,Lle. Ha Puc. 4 rrpIIBe.[\eHI,I mnII'I!Ibie 

0CI(HJIJI0rpaMMbI T0Ka B MarHJITe rrpu pa3]InqHI,IX 3Haqemrnx 3aAep)l(KJI L1.t. 

I.A 
500 

400 

300 

200 

100 

0 

0 1 2 3 4 5 I, µs 

Puc.4 T=ie HMTIYfilCM T0Ka B MarHJITe. 
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OCI(HJIJIO.rpaMMbI Il0JiyqeHI,I nyreM OI(H!ppOBKJI CIITHaJia c TaKTOBOH qaCTOTOH l O Mr11, 

qrn Il03B0JIHJI0 rrpoBecm TI11aTeJII,HI,rn: aHa.rIH3 cpopMbl HMTIYfilC0B. O6pa60TKa ~0Ka3aJia, qro 

0TKJI0HCHilll OT cpe,llHeii aMITJIHTYAbl Ha ITJiaT0 B 3aAaHH0M BpeMeHH0M HHTepBa.rre He 

rrpe1mma10T ±1.5%. 

Pa6orn ocymecTBJIJ1Jiac1, B cneAYIQmeM pe)l(lIMe: qncno HMTIYfilC0B B cepIIII - 10; 

qaCT0Ta Il0BT0peHilll HMrryJII,C0B B cepIIII - 7 KI'q; qacrorn CJie.[\0BaHilll cepHii - 0.14 ru. TaKIIM 

o6pa30M, 061,eM uapa6ornHHoii CTaTJicmKJI cocTaBJIJleT 6onee 3000 cepHii 1omyn1,coB. 3To 

coorneTcrnyer 250 pa6oqIIM I(HKJiaM YHK (6onee rpex MecmeB pa6on.1). Pa16poc oTKJinKoB 

Cll:CTeMI,I He npeBI,ICHJI ±1.5% no omomeumo K MaKCllMaJil,HOH aMITJIIfTY.[\e. «l>yttKI(HOHaJII,HI,IX 

mMeHemrll: B pa6oTe M0IDH0ro reHepaTopa n cncreMbI ynpaBnemrn nocne npoBe.neHHJI 

ncfilrramrll: o6Hap~eHo He 61,mo. 

Bo BTOpoii rJiaBe IIp0B0.[\HTCJI aHa.rIID HerpaAifllH0HHI,IX pe)l(lIM0B pa6on.1 CITIIK, npn 

K0T0pbIX CHrHaJI, nocryna10mHii Ha HCil0JIHHTeJII,H0e ycrpoiicrno, He nponopl(H0HaJieH 

Il3MepeHH0MY 0TKJI0HeHillO rryqKa. Ilpn 3T0M nepe.naroqHaJI !pyttKI(HJI CHCTeMI,I CTaH0BHTCJI 

HeJIHHeiinoii. IlpIIBO.[\JITCJI pe3yJII,TaTI,I 3KCnepIIMeHTam.Hoii rrpoBepKll HeJIHHeHHI,!X pe)l(llM0B 

no.naBnemrn nonepe=ix Kone6amrll: rryqKa SPS. 

IIepB1,rli 3KcnepIIMeHT c ueJIHHeiiHoii nepe.naTOqHOii cpYHKI(Heii fam ocymecrnneH B 

1986 r. rrpll I1ccne.n0Bamrnx cBoiicrn CITIIK SPS. E1,mo 3aMeqeuo, qro Hac1,1meHHe ycHJIHTeJill 

M0IDH0CTII rrpn 6ofilmlIX aMilJIIfTY.nax KOJie6amrll: IIplIB0.[\HT K Il0BI,IillCHillO TeMrra 

II0.[\aBJieHilll. Hac1,rmeHHe ycHJIHTeJIJl IIpIIB0.[\HT K ll3MeHeHillO rrepe.naTOqHOH xapaKTepHCTlIKll 

CITIIK OT JIHHeiiHoii K KOM6HHrrpOBaHHOii, co.nep)l(ameii JIHI1eiiHYIO qacr1, MJI Man1,1x 

aMilJIIfTY.Ll Kone6amrll: n cpIIKcrrpoBaHHoe Bo3.neiicrnue MJI aMITJIIfTY.Ll, rrpeB1,1ma10mux 

ueKoTopoe rroporoBoe 3Haqenue. Pe)l(lIM rro.naBnemrn c TaKOii rrepe.naTOqHOH cpyHKI(Heii 

noJiyqJIJI Ha3BaHIIe "Bang-Bang". 

Ilpn °.[\eTaID,HOM lICCJie.[\0BaHlIII nepe.naTOqHOH !pyHKI(Hll, lICilOJib30BaHIIOH B 

3KcnepHMeHTax 1986 ro.na, 61,mo o6uap~euo, qro yqacroK, ornercrneHH1,1ii Ja Ma.rrble 

aMilJIIfTY.Llbl Kone6anuii, m1eer KBa3HJIHHeiim,1ii crynenqan.1ii xapaKTep, qro 061>J1CHJ1eTCJ1 

HaJIIlqifeM B 11enI1 o6pa6oTiill CIITHaJia I(H!ppOBb!X 3JieMeHT0B. Ilpll 3T0M Ha "JIUI!eiim,1ii" 

yqaCT0K IIplIX0.[\HTCJI BCero 4-6 KBaHT0B Al.(II. 3To HaBeJI0 Ha MbICJib 0 B03M0)l(H0CTll 

I1cnon1,30Bamrn pe=a "bang-bang" MJI KOJie6amrll: c MaJibIMH aMilJIIfTY.L\aMH. Ilonuoe 

ueo6xo.nIIMoe qncno cryneueii onpe.neJIJleTCJI coomomeHHeM MaKCIIMa.ribHOii Haqa.rr1,uoii 
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3MTIJ!lfIY/U,I KOJie6aHHH (onrn6KOH ll!DKeKUHH), pa.3pMHOCTb!O umppOBOH 'l3CTll CIICTeMbl II 

TPe6yeMbIM TeMilOM no.naBJieHIIJI. OueHKH IIOK3.3b!Ba!OT, 'ITO l{Jlll 60JibIIIHHCTBa ycTaHOBOK II 
,.,_ 

npoeKTOB l{OCTaTO'IHO 2-3 CTYUetteii. Pe)KIIM c no.no6HOH rrepe.naT0'lHOH <pyHKUHett II0JIY'IHlI 

11aJBa11He "norH11ecKoro". Pnc. 5 noJBOJUleT cpaBHHTb nepe.naT0'lHbie xapaKTepHCTlfKII llJUI 

pa3JIJfLIHblX pe)KlfMOB no.naBJiel!llll. 

KoppeKUHll 

n1111eii11h1ii, G=l 

,"bang-bang"' 

Jl!!Heii11h1ii, G < I 

.' .-:::: I "norn•1ecK1tii", 2 cry11e1111 _p 

IIJMCpCIIIIOC CMe1ue1111c 

Puc. 5 Ilepenarn'IHblC xapaKTCpllCTIIKII /!)Ill pa3Jlll'lllb1X pe)Klll\10B 110/Iall:ICIIIIJI, 

3cpcpeKnrn11ocTb Jmrn11ecKoro pe)Kl!Ma 6bIJia II0/lTBCp)Kne11a 'JKcnep11Mc1na.;11,110 11a SI'S 

B 1995 rony. OcHosnoii UCJib!O 3KCIICpUMCIITa llBJll!JiaCb OIITIIM113aU11ll. 11apaMCTpon 

nepenaTO'IHOH xapaKTepnCTllKll uen11 o6paTHOH CBll3II 33 C'ICT IICIIOJib30Ballllll pCiKIIM0B 

"bang-bang" u "norl!'lecKoro ·• /IJill nonasneHllll nonepe1111b1x Kone6ari11ii. 
\. 

,Lvu1 npoBeneHllll 3KCI1CpHMeUTa B ycJIOBllllX SPS 6bIJI pa3pa60Tall cneu11a:Ibllbiii 

cpyi11a1noHaJibHblH 6JIOK, Il03B0Jlll!OIUIIH TIJiaBHO nepeX0/ll!Tb OT JIIIHCHIIOH nepC/13TO'IJI011 

cpyHKUHH K pa3Jill'lHblM Bll,!laM HeJil!HeHHOCTII, 11 YCTPOHCTBO IIJlll H3MepeHHll Bpe~ICIIII 

IlO]laBJielllIJI. <l>yHKUHOHaJibHblH 6JIOK Bblll0JIHeH Ha OCHOBe aHaJIOrOBOH TCXHIIKll n OTJIIl'IIIC OT 

uncppOBb!X YCTPOHCTB, KOTOpbie npHMeHl!JIHCb /!Jlll )TOH UCJIII paHee. 3TO o6ecne'IHJIO 

B03MO)KHOCTb nnaBHOH naCTPOllKlf noporoB peaKUllll II a1,1nn1rryn KOppCKUllll. IlpHHUIIIl 

neiiCTBllll YCTPOHCTBa IIJlll onepaTHBHOro ll3MepelllIJI BpeMCHll no.naBJielllIJI COCTOIIT B 

KOM6l!HllpOBaHHoii aHaJIOfOBOH ll MaTeMaTl!'leCKOH o6pa6oTKe CIITHaJia .QaT'll!Ka Il0JIOiKeHlUI. 

Ilpll 3TOM pe3yJibTaTOM ll3MepelllIJI l!BJUleTCll OUH<ppoBaHHoe 3Ha'leHne BpeMCHll, 3a KOTOpoe 
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al\lilJllfIY]la KOJie6allllll YMeHblllaeTCll B e pa.3. I1.cnOJib30BaUUbIH MeT0ll 06ecne11HBaeT 6onee 

BbICOKYJO TO'lHOCTb no cpaBHeHHIO c OCUIIJIJiorpacpl!'leCKHMll n 6oJiblllYJO orrepaTl!BIIOCTb llO 

cpaBueulf!O co crroco6aMH Ha ocuoBe H3MepeHIIJ1 cneKTPa KOJie6a1mii. 

B JKCrrepHMeUTe, iicnoJib30BaJICll 0llllll H3 KauanoB ropii301rranhuoro no.naBnemrn. 13 

CilITK SPS llCIIOJib3yJOTCll l{Ba npaKTl!'leCKll He3aBl!Cl!MbIX n.neHTll'IHblX Ka11ana ,[\Jill 

IlO,l\aBJielllIJI KOJie6aHnii no Ka)KllOH KOop.nmiaTe. CymecrnyeT B03MO)Kl!0CTb BKJIIO'l3Tb B 

~eHCTBne Ka)Kl{blH KaHan B CTP0f0 onpe.neneHHble MOMe!ITbl BpeMem1 B TC'ICIIHC 

ycKOpHTeJibH0fO UHKJia, a TaK)Ke lf3MClll!Tb KOJcjicjmuHeUTbl ycHJielllfll Kaml/IOB B JIHIICHIIOM 

pe)KHMe. HcnOJib30BaHne 0l{IIOf0 ll3 IIHX B CTal!llapTH0M pe)KHMe, 11pyroro - B IICJ1lllleii110M 

1103BOJIHJIO cymecTBeHHO Il0BblCI!Tb rn6KOCTb annaparypbl If yseJIH'IHTb 'IIICJIO HCCJie]lyCMblX 

BapnaHTOB pe)KHMa pa60Tbl. 

B xo.ne JKcnepnMeUTa 6bIJI peann3osa11 "norH'leCKuii" pc)KHM, nepcnaTO'IHall 

xapaKTepncTnKa Kornporo npHseneHa Ha Puc. 6. 

C UCilOJib30BaHUeM Bb16pa1111bIX 3Ha'leHnii napaMeTPOB cpy11KUUOl!aJibllOro 6JIOKa 6L1J1 

11pose;1e11 cpaBHIITCJibHblll a11an113 pCiKIIM0B Il0/!aBJICIIIISI no JIIIJICHIIOMY II 

~to;UHjllIUIIPOBallllOMY K3llaJ13M. l·hMepcllllll IlOK33aJlll, 'ITO 11pu CX0/lllblX ycJI0BllllX llll)KeKI(IIII 

;11111eii111,1ii KallaJI 06cc11e•111BaJI II0/l3BJICIIHC KOJ1c6a1111ii B e pa3 3a 800 MK~, T0f/l3 K3K 

~10;m<lnnu1p0Ba11rn,111 Ka11an 06ccnc•111Bru1 xapaKTep11oc BpCMll IIO/laBJICllllll ua ypoB11c 250 MKC. 

T111111•1111,1c 0CIIIIJIJIOI1)aMMbl 11p11BCJ!Cllbl 11a P11c. 7. PHc. 8. 

11a11psin<e1111e 

0.1 mm t- .~?:.~~~~." ........ ·1!~.~~~>.~:~'.~:.-\i 3 kV 

. ::, 

70 µm 

8 µm 

f ............. u.···'-.-:·-il 2.1 kV 
. .· :: 

~ ., / -~ : !I :0 V 
80 µm 160µm 10 mm 

113MepeHHOe 0TKJIOHCHI!e 

PHc. 6 IlonHall nepe11arn11Hall xapaKTepncTHKa CI1I1K, ocymecTBJieHHall B 

3KcnepHMeUTe. 
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Mc,!•, 
t1,.-n'..J 

111-H+H 

, ___ ..... J1l 
·"--~- · 1':"r~~520 t1'1S 

1>•.1?4 '·" 1'5.434kHz 

Channel 1 
69mV 

Channel 2 
--63mV - ------ -

Ch 1 .2 V = 
T/div .2m~ Ch2 .2 V 
Trig 1.00 V - EXT 

Puc. 7 TllIIWIHaJl ocwumorpaMMa rroJ{aBJieHll.Jl KOJie6aHllli B mrneiiHoM pe)Kll.Me 

(aepXHllli JIY'I - CIITHaJI C IIJiaCTIIH J{eqmeKTopa; HIDKHilli JIY'I - CIITHaJI J{aT'Ill.Ka 

IIOJIOJKeHll.Jl ny11Ka ). 

t1oln 
.M•:nu 

---~ -1•~l7_(520ms 

N. 184 µ-; 

~-~-~--- - . ----· 

r 5.434 kHz 

Channel 1 
6mV 

Channel 2 
-363 mV -- ------

Ch 1 .2 V 
T/div .2ms Ch2 .2 V 
Trig 1.00 V - EXT 

Puc. 8 TllIIWIHaJl ocwumorpaMMa rroJ{aBJieHilll KoJie6aHllli B HemrneiiHoM pe)Kll.Me 

(aepXHllli JIY'I - cIITHan c IIJiacnrn J{eqmeKTopa; HIDKIIllli nii - cIITHan J{aT'IllKa 

IIOJIOJKeHll.Jl ny11Ka). 
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Ananll3 npHBeJ{eHHoii: xapaKTepucnnrn IIOKll3hlBaeT, 'ITO B xoJ{e 3Kcrrepmiema 6hm 

peaJIH3OBaH J{ByxypOBHeBhIH JIOrWiecKuii pelKID.!. IlpII 3TOM TeMII IIOJ{aBJieHll.Jl KOJie6aHllli 6hm 

IIOBhIIIIeH npa HCIIOJlh3OBaHHH MeHbIIIeii: aMIIJllfl)'J{hI BhIXOJ{IIOro CIITHaJia. TaK, MaKCll.MaJihHal! 

aMI.lJilfl)'J{a, npII KOTopoii: o6ecrre'-IUBaJIOCh BpeMl! IIOJ{aBJieHIUI Ha'!aJihHhIX KOJie6aHllli 250 

MKC, COCTaBJllIJia 2.1 KB, no cpaBHeHllIO c 3 KB aMil.JilnyJ{hl BhIXO)lHOro CIITHana a 

KJiaCCWieCKOM pelKID.!e. CTa6llJlhHOCTh ny11Ka B •Te'leHHe acero pa6o-qero IUIKJla ycKopmeJil! 

o6ecrre'-IUBanach Cl!ffiaJIOM C qJIIKCHpOBaHHOH aMil.JilnyJ{OH ±420 B, 'ITO COOTBeTCTBYeT 

3Ha'leHmO MJiaJ{IIIero 3Ha-qamero 6ma IU!qJpoaoii: CIICTeMhI o6pa60TKH Cll.rHana. 3ro 

o-qepeJ{HOH pa3 IIO)lTBeplKJ{aeT BO3MOJKHOCTh CHH3IITh cpeJ{IIIOIO MOIUHOCTh CII11K 3a C'leT 

IICIIOJlh3OBaHll.Jl Hemrneii:Hbix pe)Kll.MOB IIO)laBJieHll.Jl. 

TpeTbH rnaea IIOCBJIIIleHa pa3pa60TKe ycrpoii:crna ycIIJieHll.Jl MOIUHOCTII J{JilI CII11K 

LHC. 

IlapaMerphI,. KOTOphIMII )lOJIJKHa o6JiaJ{aTb J{aHHaJl CIICTeMa, IIOJIHOCThIO onpeJ{eJil!IOTCll 

npoeKTHbIMII /laHHhIMI!. MmillMaJihHO ueo6xoJ{ll.MaJl aMIIJIInyJ{a cIIruana ua IIJiaCTHHax 

KIIKepa J{OJIJKHa COCTaBJllITh ±7 .5 KB B IIOJIOCe IIOJIHOH nepeJ{a'!II MOIUHOCTII. AMIIJilfl)'J{HO­

qacTOTHaJl xapaKTepnCTIIKa CllCTeMhI )lOJIJKHa OTBe'!aTb CJieJ{JIOIUll.M rpe6oBaIDil!M: 

Hll3KO'laCTOTIIhIH IIOJIIOC (3 ro>) HaXOJ{llTCJI B o6Jiacm 1+3 IUII, IIOJIOCa IIOJIIIOH rrepeJ{a'!II 

MOIUHOCTH pacnpOC"I'paIIJ!eTCJI J{O 1 Mr11, BhICOKO'!aCTOTIIhIH IIOJIIOC COOTBeTCTByeT 3 Mr[(, 

J{anee CJieJ{JeT paBHoMepHhrii: cnan xapaKTepIICTllKII c TeMIIOM 6 J{E/oKTaBa 6e3 napa3ITTHhIX 

pe3OHaIJCOB B IIOJIOCe J{O 20 Mr[(. 

AuamJ3 ycJIOBllli lilllKeK[IHII ny11Ka B LHC IIOKa3hlBaeT neBO3MOJKHOCTh IJCIIOJlh3OBaHll.Jl 

B paccMarpHBaeMOM CJIY'lae peIIIeHll.Jl, aHaJIOrWIIIoro IICIIOJlh3YeMOMJ B YHK, CJTh KOTOporo 

U3JIOJKeHa B rJiaae 1. 3-ro o6ycJIOBJieIIO TeM, 'ITO BeJIWIIIIIa CTaTIJ'leCKOH OIIIU6KU HHJKeK[IHII n 

rrorpeIIIHOCTIJ, BIIOCll.MOH HHJKeK[IIIOIIHhIM KIIKepoM, ll.MeIOT OJ{UHaKOBhIH rropJIJ{OK II paauym 

BepOJITHOCTh BO3HllKHOBeHll.Jl. TaKll.M o6pa30M, npH pa3pa6oTKe CII11K B paccMarpHBaeMOM 

CJIY'lae ueo6xoJ{ll.MO ormpaThCJI na KJiaccWiecKirii: aapnam peIIIeHll.Jl, ocHOBaHHhIH ua 

HCIIOJlh3OBaHHH IllHpOKOIIOJIOCHOro ycIIJIIITeJIJI. IlpH 3TOM BCe 3aJ{a'!II, CBOHCTBeHHbie 

CHCTeMaM IIOJ{aBJieHll.Jl, BhIIIOJIHJIIOTCJI OJ{Illl.M n TeM JKe ycrpoii:cTBOM. 

CpenHJIJI MomuocTh rroJ{o6uoro ycIIJIIITeJIJI J{OJIJKHa coCTaBJllITh 15+20 KBT. BecnMa 

CJIOJKHOH TeXHU'leCKOH 3aJ{aqeii: JIBJIJleTCJI o6ecne'!eHUe rpe6yeMoii: IllHpOKOIIOJIOCIIOCTH H 

mrneiiHoCTII 4Ja30'!aCTOTHOH xapaKTepHCTllKII, J{aJKe npH YCJIOBHH OTCJTCTBIIJI napa3ITTHbIX 
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pe30HaHCOB. Tpy.D.HOCTH .D.OCTIDKe.HHJI TPe6yeMbIX napaM~OB o6ycJIOBJiellI>I npe)KJl.e Bcero 

TeM. 'ITO B paccMaTPHBaeMbIX YCTPOllCTBax He perue11a npo6JieMa opr:aHH3arum 

pa.D.HOqlll31fllCCKOll o6paTHOll CBlI3H. 

Pe3yJihTaThI HCCJie.D.OBaHHll H pa3pa60TOK, H3JIO)KeHHbre B npe.D.bIJI.YllIHX rnasax, 

IIOKa3hIBaIOT B03MO)KHOCTb pCIIIHTh OCHOBllI>Ie npo6JieMbl, CBJI3aHHbre C C03.D.aHHCM CHCTeMhI 

IIO.D.aBJieHHlI .llJIJI LHC. JTH B03MO)KH0CTH COCTOlIT B HCIIOJib30BaHHH HCJilfl!ellllI,IX peJKIIMOB 

IIO.D.aBJieHlflI H cnoco6e 3aMem,r pa.nnoqimlflleCKOH o6paTHOll CBlI3H MO.D.eJinpOBaHHCM 

napaM~OB BhIXO.D.HOrO CHrHaJia Ha MaJIOM yposne l\fOW:HOCTH HJIII Ha CTa.D.l!ll IIHqlpOBOll 

o6pa6oTKH CHrHaJia. O.D.HaKo .llJIJI TaKOro KpynHOMaCIUTa611oro npoeKTa, KaK LHC, 

11e.nonycTHMO BBC.D.eHHe H~a.D.HIIHOHHhIX perueHHii: ( He nporue.nruHX .D.JIHTeJihHOro l!CIIbITaHlflI 

Ha .neii:crnyrow:eii: ycTaHOBKe) s Ka'-!ecrne 6aJOBOro sapnaHTa IlOCTPOelllIJI CHCTCMhI. O.nHa m 

B03MO)Kl!OCTeii: peanmaIIHH HCJIHHeHl!hlX peJKIIMOB npe.ncTaBJieHa B rnaBe 2. OHa COCTOHT BO 

BBe.neHHH B IIC!Ih o6pa60TKH cnrmura Ha lllaJIOM ypOBHe MOW:HOCTII CIIeIIHaJihHOro 6noKa, 

Il03BOJllIIOW:ero nJiaBHO ll3MCIIlITh nepe.naTO'-lllyro qiynKIIHIO CHCTCMhI B rrenoM OT '-ll!CTO 

mmeli11oro BH.D.a BilJIOTh .no «JlOrlflleCKOro». Bo3MO)Kl!OCTh OIITHMH3aIIlfll nporrecca 

no.naBJICHlflI npn JTOM .D.OKa3aHa JKCnep11MeHTaJihHO. O.nnaKO Heo6XO.D.HMO OTMCTITTh, 'ITO 

no.no6Hblll cnoco6 Y.D.OBJiernopsreT JilfIIIh HCCJIC.D.OBaTeJihCKHe IIOTPe6HOCTH 11p11 ll3)''-ICHHlf 

.D.ill!aMlfKll no.naBJICIIlllI, OCTaBJillll B CTopoHe perueHHe H![)KeHepHhlX npo6neM, B03HHKaIOW:lfX 

npH pa3pa6oTKe CIIIIK. Iie3 H3MeHeHIIlI cxeMOTeXHlf'-leCKOro perueHlflI BhlXO.D.HOro KaCl\a.na 

ycHJieHIIlI MOW:HOCTlf lfCilOJih30BaHHe npelll\1ymecTB Herpa.nHIIHOHHh[X pe)Klfl\lOB HeB03MO)KH0. 

IlpHIIlIMasr BO BlllIMaHHe JTU IIpOTUBope'IHBble .ycnOBlflI ( Heo6XO.D.lfMOCTh 

ocymeCTBJie.HHJI KJiacclflleCKOro no.naBJieHlflI KaK 6aJOBOro BapHaITTa 11 IlOBhllllCHUlI 

Jq>qJeKTIIBHOCTU CHCTeMhI B rrenolll), l\lO)KHO Cq>OpJIIYnnpoBaTh Ja.naqy O pa3pa6oTKe MOW:HOro 

. YCTPOllCTBa C H3MeHlleMOll xapaKTepHCTUKOii:, KOTOpoe II03BOJillJIO 6hr OIITIIMH3HpOBaTh pe)KHM 

Herrocpe.ncrneHHO Ha CTa.D.IIH npeo6pa30Ba.HHJI CllrHaJia BhICOKOll MOmHOCTU. 

Ha116onee JqlqJCKTIIBllI>IM 'H3BeCTHbIM YCTPOllCTBOM lIBJilleTClI KaCKO.D.llI>lll ycHJIHTeJih c 

rrapaJIJieJII,HhIM ynpasneHHeM (Pnc. 9). OcnoBllI>IM OTJlll'IHCM ycHJIHTeneii: c rrapaJIJICJlhllI>IM 

ynpaBJiemreM OT TPa.D.IIIUfOHIIhIX HBJilleTClI TO, 'ITO B IIlIX IIOCTOlIHHOe HarpY30'IHOe 

conpoTUBJieHHe 3aMeHe110 ynpaBJilleMoii: naMIIoii, TO ecTu rrepeMeHHhIM aKTUBllI>IM 

conpOTUBJiemreM. Ha CeTKY JTOH ynpaBJilleMoii: naMIIhI IIO.D.aeTClI CHrHaJI, IIpOTHBOIIOJIO)KllI,lli 

IIO qJaJe BXO.D.HOJIIY. JTOT CIITHaJI qiopMHpyeTCa B CaMOM yclfJIHTene npu IIOMOW:ll 
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cnerruamHhIX COIIpOTUBJieHIIH CBH3U (HJIH cnerruamm,rx ycHJIIITeJihllI,IX KaCKa.D.OB), 

BKJIIO'-laeMbIX B pa3J1H'lfilIX cxeMax IIO-pa3HOJIIY. 

CL 

P11c. 9 O6masr IIpllllIUIIIUaJihHasr 

cxeMa ycHJIHTeJill c rrapaJIJieJihllhIM 

ynpaBneHneM .. <l>YC - qiopMnpoBa­

TeJih ynpaBJIH10mero cHrHana. 

T2 

TI 
CL 

P11c. IO O6w:asr IIpllllIUIIIUaJihllaJI cxeMa 

ycHJIHTeJill C He3aBHCl!MhIM ynpaBJiemreM. 

Ii<l>YC - 6noK qiopMHpoBaHlflI ynpaBnsr­

wmHX cnrHanoB; PC - ycTPolicrno pa3-

Bll3KH H cornacoBaHIIlI. 

OrpaHlflleHlflI npeHMYllleCTB cxeMhI ycHJIHTena C rrapaJIJieJihllblM ynpaBJieHHeM CBlI3aHbl 

B OCHOBHOM co crroco6oM qiopMIIpOBaHlflI ynpaBJIJ110mero .. Hanpll)Ke.HHJI BTOpoli naMIIbI. 3To 

oco6eHHO srpK0 IIp0llBJillCTCll B cmyaIIlflIX, Kor.na Harpy3Ka H0CIIT.'-IHCTO eMKOCTHOH xapaKTep. 

IIpn JTOM Ha BpeMeHHhie napaMCTPhl BhlX0.D.HOro c11r11ana 3Ha'-!HTeJihH0e BJilflIHlie 0Ka3hIBalOT 

cB~licrna HMeHHO HarpYJKH. lfccne.noBaHIIlI II0KaJhIBalOT, 'ITO rro.no6Hoe orpalllI'leHHe MO)KeT 

6bITb CHlIT0 IIpH rrepexo.ne K l!CilOJih30Bamno He3aBHCHM0ro ynpasne.HHJI JiaMIIaMH. 

IIpHHIIHIIHaJihHaJI cxeMa TaK0ro ycTPolicrna npHBe.neHa Ha P11c. IO. 

• ~eliCTBITTeJihHO, IIpll rro.npo6110M paCCMOTPeHHH pa60ThI cxeMhI C napaJIJieJihllI>IM 

yrrpaBJieHHCM BH.D.HO, 'ITO ee 0CH0Bllbie rrpeHMYllleCTBa onpe.neJIHIOTCH aKTUBIIOCThlO 

6aJIJiaCTHOro JJiell!eHTa, ponh KOToporo BhIIIOJIHlleT. BTOpasr _JiaMrra. Ilpn , JT0M. ,H3Menemre 

cocTOlIHHJI no_cJie.D.Heli onpe.neJIJ1eTca H3MeHemreM T0Ka qepe3 rrepByro JiaMny n narpy3KY. 

IIapaM~hr . o6parnoli CBH3H orpalllI'lemr B .D.aHHOM cnyqae o6lllllM BpeMeHeM peaKIIUH 

CHCTCMhI Ha H3MeHemre BX0.D.H0ro CHrHaJia. O'-leBH.D.HO, 'ITO CHlITUe .no.no611oro orpal!lfllelllill 

MO)KeT cymecrneHHO II0Bh[CHTh JqJqJeKTUBHOCTh 11 Ka'-!eCTBO pa3pa6aTumaeMhIX YCTPOHCTB. 

3Toro l\lO)KH0 .no6HThCH, ecJIH yrrpaBJIHIOlllllll CHrHaJI Ha BT0pyro JiaMny qiopMHpoBaTh He 

BHYTPH BhIX0.D.H0ro KacKa.na, a Ha CTa.D.HH o6pa6oTKH o,6w:ero BX0.D.H0ro CHrHaJia. llMeHHO 

TaKO.H crroco6 Ha3BaH CXCMOH C He3aBIICHMl,IM ynpasnemre~. 

15 



OcHOBHOe npellM)'llleCTBO He3aBHCHMOro yrrpaBJ1e11IDI COCTOIIT He TOJThKO B pacnmpemrn 

'!aCTOTIIOH xapaKTepHCTHKll ycipOHCTBa H nOBhIIIIe!llill ee 3cp<peKTHBHOCTH. KpoMe 3TOro, npII 

paccMaipHBaeMOM cnoco6e yrrpaBJie!lllll noJIBJIJICTCJI B03MOlKHOCTh IIpOH3BOllhHO Bbl6npaTh 

pa60'l)'IO TO'IKY cxeMbl B ueJIOM, II3Mellllll TeM Iillll IIHblM cnoco6oM ypOBeHb noCTOJIHHOH 

COCTaBJIJIIOIIIeil. yrrpaBJIJIIOIIIero CIIrnana. 

TaKIIM o6pa30M 3a_ua11a O pa:3pa6oTKe MOIIIHOro ycipOHCTBa C II3MeHJieMOH 

xapaKTepIICTHKOH, no3B0JIJIIOIIIeil. onepaTIIBHO Bbl6npaTh pe)KHM pa60Th! CIICTeMhl 

nonaBJieHIIJI, MO)KeT 6hITh pernena C noMOlllhlO KaCKO)lHh!X cxeM C He3aBHCHl\lhlM 

ynpaBneHIIeM. 

CpaBHIITeJibHh!H ananm IpeX BapnaHTOB peanII3aQHH YCipOHCTBa ycHJiellIDI MOIIIHOCTH 

61,IJI np0Bene11 rryTeM KOMIIh!OTep11oro MO)lelIIIpOBallIDI C ncnOJTh30BaHHeM nporpaMMhl 

. MicroSim PSpice 7.1. flpn 3TOM B paccMaipIIBaeMb!X cxeMaX IIpUMeHJIJIHCh MO)leJIH peanbllb!X 

K0MnoHeHTOB. Monenn BaKYYMHbIX JiaMil C03)laBaJIHCh Ha 0CHOBe nacn0pIHb!X )laHHbIX H 

H3MepeHHbIX xapaKTepHCTHK no peKOMeH)laQUJIM H CTaH)lapTa\f KOpnopaQHH MicroSim. 

B Ka'leCTBe 3KBHBaJieIITIIOH HarpY3KH HCnOJih30BaJiaCb MO)lellh cocpe)lOTO'lelllIOH 

eMK0CTH. Pa6011nil. pe= Ka)K)lOH II3 M0)lenrrpyeMb!X cxeM BbI6npancR TaKIIM o6pa:30M, 'IT06hI 

MOIIIH0CTh, Bhl)lelIJleMaJI Ha BaKYYMHb!X naMnax, 61,ma O)lHHaKOBOH BO ncex napnamax cxeM. 

Ilpn MO)leJmponaHHH cxeMbI C He3aBHCHMhIM yrrpaBJienneM B Ka11ecrne ycipOHCTBa pa3BJl3KH­

cornaconamrn ncnoJib30BaJIHCh OIIT03JieKTpOHHhie 3JieMeHTI,I. 

AneKBaTHOCTh KOMilhIOTepuoro MoneJIHPOBallIDI 61,ma nponepeHa rrpn peanmaQHH niiyx 

113 rrpoc'IHTaHHbIX cxeM (ycHJIHTeJIJI KJiacca A H KaCKO)lHOrD C napaJIJiellhHhlM yrrpaBJieHIIeM) 

11a cneunanhH0 co3namioM panno<pII3lf'IeCKOM cTeH)le. 

Pa3pa60TaHHb!e H C03)laHHb1e ycipOHCTBa no3BOJIJIIOT pa:3BIIBaTh MOIUHOCTh Ha a11onax 

JiaMil BhlXO)lHOro KaCKana no 2 KBT, TO eCTh JIBJIJIIOTCR MO)lelIJIMH B03MO)Klll,JX peanbllb!X 

ycHJIHTeJieii B 3Heprenl'leCKOM MaCilITa6e 1: 10. ,[vIJI IlOCip0ellIDI Bh!XO)lH0ro KaCKa)la 6hIJIH 

Bhl6paHbI JIY'leBble TeipO)lbl rY-73 C B03)lYillHhIM OXJI~eHIIeM. Po~ HMIITaT6pa 

HCii0JIHIITeJibHOro YCipOHCTBa (3JieKipOCTaTlf'IeCKOro KHKepa) BhIIIOJIHJIJI Oipe30K 75-0MHOrO 

Ka6elIJI 06II1eil. eMKOCTh!O 130 n<l>. AMIIJIHTYJlHO-'laCTOTHhle xapaKTepHCTHKH nOCip0eHHbIX 

ycnnHTeneil. rrpencraBJieHhI 11a Pnc. 11, Pnc. 12. 

OcHOBHhIM pe3ym,TaTOM rrpoBe)leHHOH CTeH)lOBOH IIpOBepKH cneeyCT C'IHTaTh HMeHHO 

nonrnep)K)leHIIe Toro, 'ITO ncnOJih30BaHHh!e nporpaMMHbie cpencTBa no3B0lIJIIOT aneKBaTHO 

B0CIIpOH3B0)lHTI, Cl)OHCTBa cxeM Ha OCHOBe MOIIIHhIX BaKYYMllh!X llaMTI. 3To n03BOJIHJIO )laTh 
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o60CHOBaHHbie rrpe)llI0)KellIDI no peaJill3aQHH Bh!X0)lHOro YCTPOHCTBa Ha OCHOBe 

KOMIIhIOTep11oro MO)lelIHpOBallIDI. 

0 
CD 
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"C LO 

or 
:s: 
:r 
Cl) 
c; 
:s: 
U 0 
>, v 

0 
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1.00E+03 

~ ♦ ♦. 

1.00E+04_ 1.00E+05 1.00E+06 1.00E+07 1.00E+0B 

YaCTOTa, Hz 

Puc. 11 AMl1nHTYno-11aCTOTHaJI xapaKTepnCTHKa Kiiacclf'IecKoro ycHJIHTeM. CIIJiolHHble 

JIHHHH - K0MilhIOTepHoe M0)lelIHp0BaHHe; T0'IKH - CTeH)l0Bhle pe3y.lrr,TaThl. 
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YaCTOTa, Hz 

Pnc. 12 AMilnHTYii:o-'laCTOTHaJI xapaKTepHCTHKa KaCK0)lH0ro ye= c napaJIJieJThHbIM 

yrrpaBJieHIIeM. CillIOIIIHhie JIHHHH - K0MIIhlOTepHoe M0)lelIHp0BaHHe; T0'IKH -

CTeH)l0Bble pe3ym,TaThl. 
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B Kaqec-rne ycrpoiicTBa ycHJieHllJI MOIIUIOCTII )lJIJI CIIIIK LHC npe,wioJKeH ycHJIIrrenb­

c~opMupoBaTenb Ha OCHOBe KaCKOJlHOH cxeMbl C He:3aBHCHMbIM ynpaBneHHeM. OcHOBHbIM 

6a30BbIM :meMeJITOM JlOn)KeH JIBllilTbCJI nyqeBoii TeTpOJl RS2048 npOH3BOJlcnia !pHpMbl 

SIEMENS. AMIInHTYJlHo-qacrornaJI xapaKTepucTHKa KOMIIbIOTep11oii MOJlenu rnKoro 

ycTPoiicrna npirnenena 11a Puc. 13. 

80,-------------------------------------------------------- - -------- ---------- . -~ 

~-~ 
70 

60~ 

Probe Cursor 
C1 • -U.Dll3H, 
C2 • 1~8.859K, 
dif• 39.85-H, 

71.252 
73.979 

-2 .7268 

' ' ' ' so+- - - -- --- -- --- -- - -------r---'------- ----------- --.----- ._ ----- --- ------ --,---- -------- --. -------- --t 
1 UKHz 1 UDKHZ 1. UHHz 10MHz 1 UUMHz 

f~]DB(U(out)J 
Frequency 

Pm.:. 13 KoMllhlOTCpHOe MOJlCJll!p!mamic aMIIJIIITYJlll0-•laCTOTIIOH xapaKrcpllCTIIKH 

KaCKOJll!0ro ycumrreJJJI c He3aBHCHMblM ynpaBne,meM Ha 6aJe TCTpo;m RS2048. 

8 norroce qacTOT 0+40Mf"u (BepXBJIJI rpaHHl.(a C0OTBeTCTByeT 'laCTOTC CJleJl0Ballllll 

crycTK0B qacTHl.l) Kmcpqmuuem ycHJie11m1 na.L{aeT 11e 6orree, qeM 11a 3,16. He6om,1
1
11oii 

pe3mm11c11b1ii m1K (Menee 2 Jlli) 11a qacToTe 60Mf"u coorneTcrnyeT TaKTOBoii qacrnTe pa6oTbl 

6rroKa cpopMupoBaHIIJI ynpaBJIJIIOillHX cumanoB. 

ITpe,wIOJKCHHOe YCTPOHCTBO YJlOBJieTBOpHeT BCeM TPe60BaH11J1M, npCi!bllBJIJIC~ll,l~I K 

CTITIK LHC. Bo3MOJKHOCTb onepanrn11oro mMe11em1J1 pa6oqeii xapaKTepucTHKH yc11mrre;rn­

cpopMupoBaTenJ1 H03BOJIRCT npu HCO0XOJlllMOCTH HCHOJib30BaTb HaH6onee ,cpcpeKTIIBllblC 

peJKJIMbl HOJlaBJieHllJI KOJ1e6a11Hii rryqKa. 

B 3aKJU0•1e11uu ccpopMYmipOBaHbl OCHOBllble pe3yJJbTaTl,I JlllCCepTal.(llll. 

I. Propa6ornn H H3rDTOBJJeH KOMIIneKC re11eparnp0B MOll.{HbIX (JlO 5 MBT) IIMII)',1bCOB 

)lJIJI cncTeMbI noJlaBrrem1J1 naqanbHbIX K~rre6amrn (CIIIIK) Il)"IKa I cryne11I1 YHK. 

Bb16paHHoe cxeMoTeXHUqeCKoe pernemie o6ecne'!lmaCT 6hICTpOJleiicrnI1e II ToquocT.b 

pa60Tl,I re11eparnp0B, Heo6XOJlHMbie )lJIJI KoppeKI(HII OIIIll0OK HHJKeKI(HH B TeqeHHe 

HeCKOJlbKHX o6opOTOB. 
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2. ITpe,wioJKeH n ocymecrnneH MeTOJl IUicjipoBoro MOJleJIIIPOBamra o6parnoii CBJI3H 

MOll.{HblX PaJlll04JH3ll'leCKHX II IIMII)'JlbCHbIX ycrpoiiCTB. I-lcnOJlb30Balille TaKOro 

cnoco6a ynpaBnemra ycrpoiiCTBaMH no3BOJIJICT o6ecne'IllBaTh BUCOKYIO cra6HJibHOCTh 

H TO'IIIOCTh pa60Tl,I B CHTYal.(llRX, KOr)la peanI13auIDI lpamIIlllOHHOH BnyTpeHHeii 

o6parnoii CBJl3II HeB03MOJKHa. 

3. Propa6oTaHO II 113rDTOBJJeHO ananoroBOe YCTPOHC'TBO onepaTHBHOH MOJlHcjillKal.(llll 

nepeJlaroqnoii cjiynKitHII CIIIIK Il)"IKa SPS. B OTJilI'lJie OT IUicjipoBbIX npI16opoB, 

I1cnoJlb30BaBIIIHXCR )lJIJI 3Toii ~eJlll panee, C03JlaHHOe ycrpoiic-rno o6ecne'IllBaeT 

rmaBHbIH nepeXOJl OT rrponopIUIOHaJJbHOro ' peJKJIMa IlOJlaBJJeHIIR K peJKJIMaM C 

pa3JIIl'IHOH CTeneHbIO HeJJHHeHHOCTll. 3-ro n03B0JIJleT npOBOJlllTI, no.L{po6u1,1e 

HCCJie)lOBaHllJI peJKHMOB nOJ{aBJJeHllJI II ocymeCTBJUITb OIITHMH3amno pa60Thl 

ycTPoiic-rn ycI1J1eHllJI MOIIUIOCTH. 

4. ITpe,wioJKena MCTO)lllKa onepaTHBnoro 113MepeHllJI BpeMelilI nOJlaBJieHllJI nonepe=IX 

Kone6aHI1H, propa6oTaH npllHQIIII J{eiic-rnHR II cxeMOTeXHUqeCKOe perneHHe 

arrrraparypbl )lJIJI ee OC)'mecrnneHllJI. 3-roT cnoco6 OTJill'Iae-rcR 6onee BbICOKOii 

TOquOCThIO (±2.5%) no cpaBHeHHIO c OClllf.lllIOrpacjill'!eCKHMH 113MepeHHRMH (±10%) II 

6oJlbrneii: cKopoCTbIO nonyqelillJI HHcjiopMawru (B peJKJIMe on-line) no cpaBuemno c 

MeTOJlIIKaMH Ha ocnoBe anarrn3a cneKTPa Kone6aHHii (Bpe:r.ra; ueo6xow1:r.10e JIJIR 

06pa60TKI1 cnrnarra). 

5. ITpe,wIOJKelillblH II O0OCHOBaHHbill "noruqecKHii" peJKJIM IlO)laBJJelillJI nonepeqJlbIX 

K0repe}JTIIl,IX KOJie6amiii Il)"IKOB Ha OCHOBe CIICTeM co c-rynenqaroii: nepeJlaToquoii 

cjiynKitHeii o6ecne'IllBaCT 6onee 0b!CTPYIO (B 2-3 proa) KOppeKUHIO naqaJJbHbIX 

KOJie6alillH no cpaBHeHHIO c TPaJlilIUIOHHbIMll nponopIUIOHaJJbHbIMil peJKJIMaMII. 

"Jlonl'IecKHii" peJKJIM BnepB1,1e ocymeCTBJien 3KcnepHMeIITaJJbHO Ha Il)"IKe SPS. 

6. YcHJIIITeJJH-cjiopMHpOBarenu na OCHOBe KaCKOJlHOH cxeMbI C He3aBIICIIMbIM 

ynpaBJJe1rneM O0Jla.L{aIOT 0OJlbIIIeii: IllllpOKOnOJJOCHOCTbIO no cpaBHeHHIO C KaCKOJlHOH 

cxe:r.mii C naparrnellhHbIM ynpaBneHUeM. l1x oco6eHHOCTb COCTOIIT B B03MOJKHOCTH 

onepaTHBnoro II3MeneHIIR pa6oqeii: xapaKTepHCTHKH. Propa6oTaHHbie ycrpoiicrna 

3TOro THIIa npe,wIOJKeHbI )lJIJI IICnOJlb30BaHllJI B COC"ra.Be CIICTeMbl nOJlaBJJeHllJI 

nonepe= KorepeHTHbIX Korre6aHHii Il)"IKa LHC. 
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