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BaeAeHHe 

KaK H3BeCTHO, B CHHXpOUHKnOTpoHe cricTKH ycKopeHHbIX 'lac-· 

rnu cneAYIOT OAHH aa Apyr11M a cooTaeTCTBHH c qacToToil MOAy

nmi:HH ycKopsnomero HanpsuKeHHSI. 3To CBSI3aHO C TeM, 'ITO AnSI 

ycKopeHHSI HCIIOJib3yeTCSI TOJibKO 'laCTh nepHOAa MOAynSIUHH, HMero

maSI OTpHUaTen&Hyro 1IpOH3BOAHyIO 'laCTOTbl ycKopsnomero HanpIDKe

HHSI no apeMeHH. Ilo3TOMY B HenpepbIBHOM pe)KHMe ycKopeHHSI C 

uen&ro yMeHhIIIeHHSI pacXOAa 3Hepr11H H CHH)K{l_HHSI aarpeaa OTAeJib

HhIX yanoa yCKOPHTenSI HCIIOnh3yeTCSI M8HHnynSITop, KOTOpblli 38-

IIHpaeT BhICOKO'l8CTOTHhlli reaepaTop H8 apeMSI Hepa6o'leil '18CTII 

·uepHOA8 MOAynmi:HH '18CTOThI, 

MaHHnynSIIlHSI BhICOKO'l8CTOTHOro reaepaTopa, ynpaaneHHe 

. yCKOpHTeneM H CHHXpOHH38UHSI C HHM ijJH3H'leCKHX IlpHfiOIJOB ocy

meCTBnSIIOTCSI C IIOMOmhIO cneuHan&HbIX CXeM ynpaaneHHSI, K8K npa-

BHno, AOBOnhHO cnO)l{HbIX. 

8 i:i11ccepT8UHIO BOIIInH pa60Thl 8BTOpa no ycoaepmeHCTBOB8HIIIO 

CHCTeMbl ynpaaneHHSI H C03A8HIIIO HOBOli annapaTypbI KaK An.II IlOBbIIIIe

HH.11 yCTOli'IHBOCTH THIIOBbIX pe)Kl!MOB ycKopeHH.11 3apIDKeHHbIX '18CTHU, 

TaK H AnSI ynpaaneHH.11 pe)Kl!~8MII ycKopeHIISI, KOTOpble IlO.IIBl!nl!Co B 

nocneAHHe 5-7 neT. 

.aHccepT8UII.II COCTOHT 113 Tp~x rnaa. 

B nepaoil rnaae onHCaHhl cnoco6w ynpaaneHH.11 CHHXpouaKno

TpoaoM npH pa6oTe a TIIIlOBbIX a ciJeU11allhHbIX pe)Kl!Max • 

Bo aTopoil rnaae ananH311pyeTcs pa66Ta THpaTponaoro TPlll'

.repa C aKTIIBHOli He1IHHeliHOH HeCIIMMeTpll'IHOli Harpy3KOH, IICilO.IJl,-

3yeMoro B CIICTeMe ynpaaneHH.11 CHHXpOUHKnoTpOHOM B Ka'leCTBe 

MaH11nynmopa a/q renepaTopa ycKopSIIOmero nanp.ll)KeHH.11 • .aeno a 

TOM, 'ITO B. npouecce nanaAKII pe)KHMa ycKopeHll.11 C p_aCT.ll)KKO~ nyq-
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Ka Ha KOHe'IHOM panHyce BblSICHHnocb, 'ITO cymeCTBYIOIIlHH MaHH

nymITOp B 3TOM cnyqae pa6oTaeT HeycTOil'IHBO. IlpOH3BeneHHblH 

aHanH3 noaaongeT Bb16paTb CXeMy THpaTpOHHOro TpHrrepa, CBO-,,_ 

60AHYIO OT 3TOro HenocTaTKa. 

B TpeTbefi rnaae onHC8Hbl peayllbTaTbl HCCnenOB8HHH KOppeK

UHH aMnllHTYAHO-'I8CTOTHOH xapaKTepHCTHKH CHHXpOUHKllOTpOHS, 

MeTOA onTHMH38UHH 3TOH xapaKTepHCTHKH, a TSKJKe·TSKHe napa

MeTpbl ycKOpHTenH, KSK 'ISCTOTS 38XBST8 H BbIBOAS. 

LlHCCepTSUHH HanHCSHa no MS!epHanaM pa6oT, ony6nHKOBaH

HblX a 11 - 91 H AOllO)l<eHHbIX HS Me)KnyHapOAHOH KOH(jiepeHUHH no 

ycKOpHTenHM ()KeHeaa, 1956 r.), KoH(jiepeHUHH no sneKTpOHHKe 

yCKOpHTenefi (Lly6Ha, 1964. r.) H BceCOI03HOM COBeIUSHHH no yc

KOpHTellHM aapHJKeHHblX 'ISCTHU ( Moc)rna, 1968 r.). 

I •· Yn.paBnE!HHe THnOBblMH H cneUHSllbHblMH 

pe)KHMaMH pa~OTbl CHHXpOUHKnOTpOHS 

§ 1. OcHOBHble Tpe6oBSHHH K cxeMe ynpaaneHHH 

B CHHXpOUHKllOTpoHe 0115111 CHHXpOHH38UHH acex ycTpOHCTB, 

HBllHIOIUHXCH HeOT'beMneMblMH 'ISCTHMH YCKOpHTenH, ocymeCTBllHeT

CH np11 noMOIUH onT11'IeCKOH CIICTeMbI, )KeCTKO CBH38HHOH C MO

AYllHTOpOM 'I8CTOTbI, a ·ynpaBneHlle BblCOKO'ISCTOTHblM reHepaTo

poM BeneTCH np11 nOMOIIlll ceTO'IHoro MaHHnynHTOpa. 

B npouecce 3KCnnyaTaUHH CHHXpOUHKllOTpOHS B Te'IeHHe nep

BbIX Tpex neT nocne era C03A8HHH BbIHCHHllOCb, 'ITO nepBOHS'Iallb

Hblll BSpHSHT CHCTeMbl ynpaBneHHH HMeeT _ PM HenocTaTKOB H He 

Bcerna n03BOnHeT o6ecne'IHTb HOpMSllbHYIO pa6ocy yCKOpHTeng 

B Te'IeHae 150-160 'Iacoa B aenen10 Ill. 

Ha OCHOBaHHH onbITS pa60Tbl Ha CIIHXpOUIIKllOTpOHe Tpe6o

B8HIIH K CHCTeMe ynpaaneaHH KpSTKO MO)KHQ c(jiopMynHpOBSTb cne

AYJOIUHM o6pa30M: 
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1. y CKOPHTellb AOJl)KeH pa60T8Tb B paanH'IHbIX pe)KHMSX B Te

'Ieaee · 150-160 'IaCOB B aenenJO C KOpOTKHMII nepepbIBaMH UllH oc

MOTpa o6opynoBaHHH. 

2. C11cTeMa ynpaaneHHH ycK.OPHTeng A0ll)KH8 6bITb nocTpoeHa 

TaKH_M o6paaoM, 'IT06h1 nepeilon ycKopeTenH ea on11oro THnoaoro 

pelKIIMS B ~pyroii Mor np0113BOAIITb ne~pHblii onepaTop. TenOBbie 

pe)KHMbI pa60Tbl cneny10m11e: a) pe)KHM HerrpepblBHOfi M8HHnynHUe11; 

6) OAHOp830Bblii pe)KHM; a) pe)KHM paCTH)KKH ny'IKS 121.- Llon)[{Hbl 

6b1Tb TSK)Ke rrpenycMOTpellbl cneueanbllbie pe)KHMhl pa60ThI: a) on-

nopa30Bblii pe)KH_M C TOpMO)KeHeeM 131: 6) IISKOilHTellbHblli pe.,-

)KHM / 4 / 

3. CHcTeMa ynpaBneHmi BKnJO'IaeT B ce6g TaK)Ke ycTpoiicT

aa, n03BOllfflOIUHe KOIITponnpoaaTb H HCCnenoBaTb OCHOBHble napa

MeTpbI CHIIXpOIIHKllOTpona. 

§2. T111IOBble pe)KHMbl pa60TbI ycltopHTenH 

IlpH AllHTellbnoii pa6oTe yCKOpHTeng OAIIHM 113 OCHOBHbIX Tpe6o

B8HIIii, KOTOpbIM AOn)[{Ha YAOBlleTBOpHTb CIICTeMa yrrpaaneiinH HBilHCT

CH HaJ:te)KHOCTb. • 

Pa60TSIOIUSH B HSCTOHIUee BpeMH CHCTeMa ynpaaneHHH BKil!O'ISeT 

B ce6g CeMb OTACllbHbIX ycTaHOBOK, COCTOHIUHX H3 130 naMn, 

700 COilpOTHBneneii H 300 KounencaTopoB. EnoK-CX~Ma -CHCTeMbl 

ynpaBileHHH npencTaBnena na pHC. la, npHHilHnHSllbHble CXCMbl yn

paaneHHH YCKOpnTeneM a THilOBbIX pe)KHMSX npuBeAeHbI a pa6o-

TSX /1,2i. 

<l>oTOAST'IHK (pnc. 16), HM0IOIUHii onTHKO-MeXSHH'ICCKYIO CBH3b 

C BapHSTOpOM 'ISCTOTbl, BbIASeT IlpRMOyrOilbHble HMnyllbCbl nono

lKHTCilbHOH nongpHOCTH. CHCTeMa OTperynHpOBSHS·TSKHM o6pa30M, 

'ITO nepenHHil CWOHT HMIIYilhCOB (jioTonaT'InKa Ha 100-300_MKCeK 

onepeJKSeT 'ISCTory 38XBSTa, COOTBCTCTByIOIUYIO 38ASHHOMY 3Ha

'ICHHIO MarHHTHOI'O IIOilH a llCHTpe ycxopnTeng. 3TH HMIIYilbCld HC

IIOJib3yIOTCH AllH ynpaaneHHH 1·ea~paTopOM ll CHHXp0HH38llHH pa60Tld 

BCllOMOraTellbHldX yCTpOllCTB H SKCrrepnMeHTallbHbIX YCTSHOBOK C 

ycxopnTeneM. 
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OcHOBHaSI aai:ta'Ia IIpH paapa60TKe CXeMbl yrrpaaneaiisi CBOAH

nacb K TOMY. 'IT06bI IIpH MHHHMallbHOM KOllH"'IeCTBC paanH'IlfblX ya

noa, BXOASIII1RX B OTi:tellbHbie 6nOKH yrrpaBneiIHSI, H HaH6once IIpOCTOH 

<!JyHKUIIOHanbHOil aa11HCHMOCTH Me1KAY HHMH, CXeMa ycTOH'IHBO pa6o

Tana He MeHee 150-160 'Iacoa a Henemo. EnoKH, 06ecrre'Irraa10mHe 

pa6oTy YCKOpHTensi a TIIIIOB-b!X pe1KHMax, !lOll,KHbl HMeTb HeHarpy

,KeHHblil peaepa, H rrepexoi:t aa peaepBHhie 6noKH non1KeH ocymecT

BllllTbCll rrprr IIOMOmH KllIO'Ieii KOMMyTaurrrr 6noKOB yrrpaaneHIIll n 

IIl!TaHrrll. 

Pe1KHM HerrpepbIBHOii MaHHIIYllllUI!ll 

.ITpu pa6oTe yCKOpHTemI a Herrpepb!BHOM pe·,KHMe aaxaaT n 

ycKopeHHe 'IaCTHU. IIpOHCXO!l.lIT B Ka1K!l0M rrepHOi:te MO!lYllllUHH. HM-

rryllbcb1 cuHxpo~uaaum1, comiai:ta10mue C l!epemiHM <!JpOHTOM HM-

rryllbC0B <!ioTonaT'IHKa, HarrpaBllll!OTCll no !tBYM KaHanaM. B rrepBOM 

H3 HHX <!JopMupyIOTCll BKllIO'IaIOmue HMIIynbCbI, KOT0pble II0!laIOTCll 

Ha BbIXO!lHYIO naMrry 6ea BpeMeHHOii aanep1KKII (K5 Ha PIIC. 2 a 

IIOll01KeHHH 1 ) unu c BpeMeHHOii aanep1KKOH (K5 a rrono1KeH1III 2). 

Bo BTOpOM KaRane <!JopMHPYIOTCll OTKllIO'Ia10m1Ie IIMIIynbCbI, K0TO

pble rronaIOTCll Ha MaHHIIYllllTOp C aanep1KKOH no BpeMeHH, -rrpuMep

H0 paBHOii IIOllOBHHe rrepHona MonynllUHH. 

O!lHOpa30Bbltt pe1KHM 

ITpu pa6oTe CI!HXPOUHKllOTpOHa a onHopaaOBOM pe1KHMe yc

KOpeHHe 'IaCTHU IIpOHCXO!tHT C 'IaCTOTOii aarrycKaIOmHX HMIIYllbCOB 

(KnIO'I K2 Ha puc. 2 B rrono1KeHm1 2). 

. B rrpenno1KeHHOH aBTOPOM CXeMe HMIIYllbC CHHXpOHH3aU!lH 

rrpe1K!le 'IeM II0IIaCTb B KaHan <!JopMIIpOBaHHll BKllIO'IaIOmrrx IIM

rrynbCOB non1KeH rrpoiiTH 'Iepea cxeMy coarraneHuii, KOTopall rrpo

' IIyCTHT ero TOllbKO B TOM cny'Iae, . ecnu BMeCTe C HIIM Ha CXeMy 

cosrraneHuii IIOCTYIIHT IIMIIYllbC aarrycKa, rrpHIIIenIIIHll C 3KCIIepHMeH-
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TallhHOH ycTaH0BKH B npoe3B0llhHhlii M0MeHT BpeMeHH. OTKllIO'Iaro

mee HMfiYllhChl, KaK H B HenpephlBB0M pe}KHMe, BAYT KB}l(Ahlii llHKll 

M0ltYlllilllHH. 3To cnenaHo nnR npenoxpaBeHHR YCK0pHTenR OT B00-

M0}KHOCTH nepexona B uenpephlBBhlii pe}KHM B cnyqae nommeHHR 

HMnyllhCa ll0MeXH. Oi:mopa30Bhlii pe}KHM HCITOllh3yeTCR TBK}Ke /l.llR 

KpaTH0ro CIIH}KeHRR HHTeBCHBHOCTH. 

Pe}KHM ynpaBneBHR CHCTeMoii paCTR}KKH ny'IKa 

YCK0peBHhlX. 'IBCTHll / 2 / 

Ilpu pa6oTe B pe}KHMe paCTR}KKH ycKopmomee a/q BallpR}Ke

HHe BhlKllIO'IaeTCR, KaK TOllhK0 nyqoK no_CTHraeT panHyca pa3Me

meBHR KaTymeK, C03ABIOIIlHX ll0KSllhByIO BeonH0p0AHOCTL MarBHTHO

ro nonR • .llallhBeimee paAHam.uoe np0ABH}KeHHe ny'IKa np0HCX0AHT 

6naronapR pacita'IKe panuam.Hhlx ·Kone6aBHii • ueoAHoponuocTL10 Mar

BHTHoro ·nonR. 

EnoK-CXeMa nnR ynpaBJieHHR CHCTeMOii paCTR}KKH npencTaB

neua Ha puc. 2 (KnIO'I K2 - B Il0ll0}1(8BHH 1, KllIO'I _K4 - 3SMKByT). 

Pac'IeT Hane}KHOCTH pa60Thl cxeM ynpaBJI8BHR B THil0BhlX pe

}KHMax 6hln Ilp0H3BeneH no CTaTHCTH'IeCKHM ASHHh1M onaCHOCTB 

OTKaaoa nnR aneMeBToB panuoaneKTp0HHhlX cxeM, npa»eneHHhlM B 

pa6oTe /lO/. Peaym.TaThl pac'IeTa nnR Henpep1,muoii pa6on,i cxe

Mhl » Te'IeHHe 150 '18.COB caeneHhl a Ta6nuny 1. 

Pe}KBM pa60Thl 

BepORTBOCTL 
ucnpaBaoii 
pa60TU CX8Mb1 

Ta6nuua I 

6ea peaep
Ba 

c peaep
B0M 

9 

HenpephlBHaR 

MSBHfiYlUDUIR 

0,7776 

0,9505 

onaopa
ao»hlii 

0,7211 

0,9222 

paCTR}l(Ka 
ny'IKa 

0,7408 

0,9328 



B HaCTomrtee apeMH npoCTOl! YCKOpl!TenH H3-3a HCHCHpaB

HOCTl! Cl!CTeMhl ynpaaneHHH 6naronapH Cl!CTeMaTI!'IeCKOH npoq,HnaK

Tl!'leCKOH npoaepKe 6noKOB ynpaaneHHH He npeBhIIIIalOT 0,1 % BpeMy

Hll pa60Tbl CHHXPOUHKilOTpciHa. 

B Tl!IlOBhlX pelKl;fMaX ,CllHXpOUHKilOTpOH OHr!H pa6oTaeT npH

MepHO 5000 qaCOB B ron. 

§3. CneuHailbHbie pelKl!Mbl pa6oTbl Cl!HXpOUHKilOTpOHa /3,4,5/ 

K cneuHailbHblM l!Illl SKCnepl!MeHTanbHbIM pelKHMaM OTHOCHT

CH Te, KOTOpbie HYlKHhl nnn l!CCneno_BaHHH napaMeTpOB CaMoro yc

lCOpHTenn, a TaKlKe Te, B KOTOpbIX Tpe6yeTCH lKeCTKaH C,lHXpOHH3aUHH 

pa60Tbl SKCnepHMeHTailbHblX ycTaHOBOK II ycKOpl!Tenn. 

3amHTa OT IlOlKHOI'O BKillO'leHHH yCKOpl!TenH 

npll pa6oTe B OAHOpa3OBOM pelKHMe 

TaKOH pelKHM pa60Tbl OKaaancn Heo6XOAHMblM nnn npoaene

HIIH SKCnepuMeHTOB C SMYilbCIIOHHOH KaMepoH, noMemeHHOH B aa

aop HMilYilbCHOH Mal'HHTHOH KaTylIIKH. MarHHTHOe none B aaao

pe KaTylIIKII npn KalKAOM npOXOlKAeH!lll qacTHU /l.OillKHO 6b!Tb onpe

neneHHOM aen!l'lllllbl ( - 15 Tn). 

Ecnu HanpnlKeHHOCTb nonn B aaaope HMnynhCHOH KaTyrnKn 

He MOlKeT AOCTH'lb Tpe6yeMOH BeITH'll!Hhl, He06XOAHM_O npeKpaTHTb 

ycKopeHHe 'laCTIIU paHbllle, 'leM OHi!. nonanyT B SMYilbCHOHHYIO Ka

Mepy. B STOM cnyqae C SKCnepnMeHTanbHOH ycTaHOBKH Ha ynpaB

mno111y10 CHC:TeMy nocTynaeT TOpM03HIIIHH HMilYilhC. 

HaKonneHHe 'laCTIUl B Cl!HXpOUHKilOTpoHe 

Ilpl! npoaeneHHll Ha CHHXpOUIIKilOTpoHe SKcnepnMeHTOB C q,u-

3H'leCKHMII ycTaHOBKaMII, neilCTBYIOIIIIIMII B IIMITYilhCHOM pelKl!Me 

co CKBalKHOCTblO, npeBbllll8IOIIleH CKBalKHOCTb ycKopaTenn ( 'ITO CBH-
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aaao, nanpnMep, c nepeTHlKKOH nneHKH ~ q,oToannapaTax, nonro

TOBKOH IlY3blpbKOBOH KaMepbl, aanHCblO nmjlopMaUHH, nonroTOBKOll 

K pa6oTe IIMilyilbCHOll KaTylliKH H T.A.). noHBITHeTCH BO3MOlKHOCTb 

noBhlllleHIIH sq,q,eKTIIBHOCTH acnonb3OBaHHH YCKOpHTenn, ec-

na B Hepa60'!Hll IIHTepaan BpeMeHH HaKannaBaTb ycKopeHHhlll ny'IOK 

BHYTPII Mallll!Hbl II BblBOAHTb ero B MOMeHT BKillO'leHHH ipll31I'leCK0ll 

annapaTypbl. TaKaH BO3MOlKHOCT~ B~3Hl!KaeT 6naronapH TOMY, '!TO 

'laCTl!Ubl MoryT B Te'leHl!e HeKOToporo BpeMeHH 06pa111aTbCH no 

op6HTaM npoMelKyTO'IHhIX pannycoa. 3To nane1rne 6hmo ncnoilbao

BaHo nnn coanaHHH HOBOI'O pelKHMa ycKopeHIIH, npn KOTOpOM qaCTH

llbl B Te'leHHe HCCKOilbKIIX YKOpo'leHHblX llHKilOB .. HaKannnBalOTCH" 

Ha npoMelKyTO'IHbIX op611Tax, a 3aTeM B nocne.cmeM UIIKile llOBO

AHTCH no npenenbHOI'O pannyca, COOTBeTCTBYIOIIICI'O IIX MaKCHMailb

HOfi :rneprnn 14 1 

YnpaBneane ycKopnTeneM npn 11aMepea1111 

BpeMCHII aaxBaTa 'laCTIIU Ha YCTOll'IHBbie 

op611Tbl 

EnaronapH TOMY, 'ITO Cl!CTeMa ynpaBneHIIH q,opM11pyeT IIM

nynbc AITH BKillO'leHIIH reHepaTopa yCKOpHIOIIICI'O HanpHlKCHIIH Ha 

100-300 MKCeK paHbllle, 'leM Ha'laHaeTCH aaxaaT 'laCTIIU Ha YCTOll

'IIIBbie op611Tbl, AilH II3MepeHIIH BpeMCHII aaxBaTa llirOlKHO CMelllaTb 

BKillO'lalOIIIHll .IIMirynbC Ha KanH6poBaHHhle OTpe3KII BpeMeHII II CHII

MaTb 3aBIICIIMOCTb l!HTeHCIIBHOCTII OT BpeMeHII aaneplKKII. 

nnn YMCHbllleHHH 01IIH6K11 npn H3MepeHHH uenecoo6pa3HO 113 

neCHTII nonaTOK poTopa BapnaTopa IICilOilb3OBaTb_ OAHy. 

ilnH ocy111eCTBilCHHH pa60Tbl ycKopnTenn B TaKOM pelKHMe 6hI

na paapa6oTaHa cxeMa ynpaBneHnn, noaBoITHJOIUan ncnoilbaoaaTb 

AITH BKillO'leHHH reHepaTopa IIMnynbCbI, 11ny11111e C 'laCTOTOfi, B ne

CHTb paa MeHb1IIefi 'laCTOTbl MOAYITHUIIH, T.e. cq,opMHpOBaHHbie OT 

OAHOll H TO lKe nonaTKII BapHaTopa. 
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BpeMe1111aSI 3aAeplKKa AnSI cxeMbT yrrpaBneHIISI 

c1111xpou11KnOTpOIIOM 11a 680 MaBl61 

nnSI 11poBeAeHIISI p£1Aa 3KC11ep11Me11Tanb1lbIX pa6oT 11eo6XOAIIMO"' 

CMomaTb BO BPCMCIIII IIMnym,c 3arrycKa pa3ml'-IllblX CXeM yrrpaBneimSI, 

Cl!IIXpOHHblH C IIMl1y1IbCOM !pOTOA8~'L[l!Ka. TTo3TOMY 6bina pa3pa6o

TaHa cxeMa, COCTc:imag 113 ABYX He3aBIICl!MblX KauanoB, KalKAblH 

113 KOTOphlX rrpeACTaBnSieT co6ofi <pallT8CTpOH C OAHIIM K8CK8AOM 

q;opM11pOBD.HIISI 3a11ycKa1vmero IIM~ynbCa II ABYMSI 11n11 TpeMSI K8CKa

A8Mll qiopr.111pona1111SI 3aAeplKa1111oro 11Mrrym,ca rrocne qia11TaCTpo1111ofi 

CX0Mble 

3arryCK 06011x KauanoB rrpo113BOAIITCSI l!e3aBIICIIMO mo6hIMH 

11onolK11Te,m,1IhIM11 11Mnym,caM11 .c aMrrn11TYAOfi ue Meuee 5 B. 

-TTepnhlfi Kanan noaBonSieT coaAaBaTb ·3aAeplKKY OT 2,0 AO 

150 MCeK. BTopoli Kanan <pOj)MllpOBallHSI 1103BOnSieT rrony'll!Tb 3a

ACPlKKY BO BpCM0IIII OT 15 MKCeK AO 15 MCeK. 

II • A11an113 pa6oTbl 'rHpaTpOIIIIOl'O Tpurrepa 

c nen11neli11oli 11ec11MMe~p11'lnoli 11arpy3Koli 

B Ka'leCTB3 Maa1111ynSITOpa Bl'! reuepaTopa ClllIXpOU11KnOTP0-

11a l!Cl101Ib3yeTCSI Tl!paTpOIIIIhlr Tpl!l'l'ep, Hal'py3KOH OAIIOl'O H3 rrne'l 

_KoToporo SIBnSieTCSI ·ceTO'IHaSI nellh Bl'l r_cncpaTopa. BnuSin11e nar-

py3KII CBOJ.(IITCSI K 111y11T11p0Ba1I1110 OAIIOl'O 113 y'laCTKOB cxeMbl 110-

cneA0BaTCIIblIO COCAl!IICllllhlMII corrpoT11Bne11USIMI! rp11An11Ka H rrpo

MelKy·rKa CeTKa-KaTOA rc11epaTopnoli naMITbl II rrpoxmKACIIHIO 110-

CTOSIIIIIOH C0CTaBnmomeli CeTO'IIIOl'O TOKa reuepaT0pa 'lepe3 TII

JJaTpo11. 

B rrponecce ua,mAKll pacTSilKKll rry'IKa oKa3anocb, 'ITO cymecT

_By10m11li Ma1I11rry JHiT0P pa6oTD.eT ueyCTOll'lllBO. B CBSI3ll C 3THM 

6bIII npoBe):tell aHan113 CXeM T11paTp0IIIIhlX Tp11rrepon, HCIIOnb3YCMbTX 

B Ka'leCTBe M8111IIIYnSITOp0B Bl'! reuepaTopa, H 11pe1:tnOlKe1la 0606-

me1111aSI cxeMa, 'laCTllhlMII cny'laSIMll KOTOpofi SIBIISIIOTCSI 3KCITnya

TaUHOIIHbie CXCMhl l'.falIHnynHTOpOB CllllXpOUHKnOTpOHa· 11 I• 
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· TTpone1:te1Illblll a11ari113 II03BonneT BbI6paTb cxeMy BelITll1IbH0l'O 

Tp11rrepa, yCTOH'll!BO pa6oTaromyro C aKTl!BHOli 11enH11elinoli HCCHM

MeTpH'IIIOli uarpy3KOli He3aBIICHMO OT BenH'IHHbl IIIITCpBana BpeMeHH 

MelKAY BKnIO'lelllleM ll OTKnIO'leHHeM re11epaTopa. 

§1. MeTOAHKa a11an113a 

.O606men11aSI cxeMa TpHrrepa cocTaBnSinacb cneAyIDmHM o6-

pa30M: Harpy3Ka - AIIOA, 3KBHBaneHTllblll ceTO'IIIOli nerrH reuepa

Topuoli naMIThl, 110):tKnIO'lancSI MelKAY nro6bIMII ABYMSI TO'IKaMI!, l'Ae 

HMeeTCll llMIIynbC narrpSilKellHSI OTp11naTellbllOH 11on51p110CTH
0

0 TTpOBOAll

MOCTb uarpy3Kll 6yiteT ll3M_ellSITbCSI B 3aBHCHMOCTH -OT rronnp11oc-

TI! HarrpSilKellHll, rrp11nolKe1111oro K CO0TBeTCTBYIOIIleMY 3KBHBaneuT

II0MY AHOAY (pile. 3). 

-+ 

R3 

B 

7i 

L 

R1 

Pnc.3. 

llnSI llCCIIeA0BallHSI rrepeXOAHblX IIponeCCOB B 11arpylKel1H0M 

TepaTp0HII0M Tp11rrepe C IIOMOl!lbTO n11uefi1lhlX All¢4iepe11UHanhHhlX 
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i 

ypaBHemdi rrepnon pa60T1,1 Tpnrrepa T 61,m pa36HT Ha TaKne HH-

TepBBIII,I BpeMeHH, B K8}!(AOM H3 KOTOpbIX rrapaMeTpbl cxeMbl MO)K

HO C'IHT8Th IIOCTOSIHHblMH. IlOIIY,IeHHbie perneHHSI w CilIHBBIIHCh' B 
::'-

KOHIIe Kalicnoro HHTepBana. 

Ecnn·npHHSITh 3a Haqano oTcqeTa MOMeHT npHxona 3anyc

Karomero HMIIYIIhCa Ha CeTKY THpaTpOHa TI• TO Bech nepnon T 

MO)KHO pa36HTh Ha cnenyromne HHTepBam,1: 

TTepB1,1ll HHTePBan ( t 1 ) 6yneT onpenensiThCSI HannqneM npsiMoll 

(Ha THpaTpOHe T1) n o6paTHOll (Ha THpaTpO_He T2) npoBOAHMOCTH. 

BTopoll HHTepBan (t · 2 ) HaqnHaeTcsi c rroracamrn THpaTpoHa T 
2

• 

TToCTOSIHHBSI BpeMeHH 0 
2 

onpenensieTCSI eMKOCTh!O C H orpaHH-

qnTenhHhlM 'conpoTHBneHHeM R 

TpeTHll HHTepBa'll (t 
3 

( npnrnen 381IYCK8!01UHH HMnylihc Ha CeT-

Ky·TnpaTpOH T2) orrpenenSieTCSI HanHqHeM rrpSIMOll (Ha T2) H 06-

paTHOll (mi .T 1> npOBOAHMOCTell THpaTpOHOB. 

LieTBepTbIH HHTepBan ( I 4 ) - TIIP8TpOH T1 y)Ke norac, HO. 9KBH

BaneHTHbIH AHOA eme He 3anepT, T.K. HalipS!)KeHl!e Ha HeM eme He 

AOCTHI'IIO 3HaqeHHSI -E 
g 

HS!'I'.bill l!HTepBan ( t 
5 

a1Ianor11qeH BTopoMy. T11paTpoH T 1 no-

rac 11 9KBUB81IeHTHblH nnon HBXOAUTCSI B H·enpoBOASIIUeM COCTOSIHl111. 

PacqeTHbie qiopMyn1,1 nm1 onpeneneHHSI IlOCTOSIHHblX BpeMeHn 

II H8IlpSl)KeHHH np11BeneHbI B Ta6nmre 2 •. 

§2. TTepexonH1,1e rrponecc1,1 B HeHarpy)KeHHOM 

TnpaTpOHHOM TpHrrepe 

.nnsi Toro qT06h1 o6o6meHHaSI cxeMa ( pnc. 3) cTana 9KB11-

BaneHTHoll cxeMe HeHarpy)KeHHoro Tpnrrepa, Heo6xonHMO Bee oT

cyTCTByromHe aneMeHThI, BKnroqeHHbie ·nocnenoBaTenhHO, npnpaB

HSITh Hynro, a _BKIIJOqeHHI,Ie napannenhHO - ycTpeMHTh K 6eCKO

HeqHOCTH. 

E1,1cTpone1icTBHe nepeKnroqaJOIUHX CBOHCTB cxeMbI orpaHnqn-

BaeTCSI BpeMeHeM I o • B TeqeHne KOToporo IIOIIO)KHTenhHOe 
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HarrpIDKeHne Ha KaTone Herrpoaonmnero TnpaTpoHa crraAaeT no O. 

ffaqHHSH C aToro MOMeHTa HS THpaTpOHe UOHBnHeTCH HSUpIDKeHHe 

B UpHMOM HanpaaneHHH, UOSTOMY llflH ycToilqnaoil pa60Tbl TpHrre-
~ 

pa Heo6xonnMo, qTo6hl t 0 >taca , rne . t BC3 - BpeMH 

BOCCTaHOBneHHR ceToqHoro aannpaHHH (rropHAKa 100~300 MKCeK). 

Hae60llbl!ISH ycToilqHBOCTb B pa6oTe cxeMbl llOCTHraeTCH 

t + t 
UpH - 1--2= 0,5, TaK KaK ·upH STOM BpeMR T . t 0 MaKCHMallbHO. 

§3. IlepeXOJ:lHhie npolleCCbl a HeHarpy)KeHHOM 

THpaTpOHHOM TpHrrepe 

PacCMOTpeHa CXeMa HeCHMMeTpH'4HOro Harpy)KeHHOro TpHr

repa, B KOTopoil TOK HarpyaKH rrpoTeKaeT qepea THpaTpOH Tl. 

(a o6o6meHHOil cxeMe Heo6xoJ:tHMO corrpoTHBneHne R2 rrpnpaa-

HHTh eynro, a conpoTHBneHHR 

KOHeqHOCTH). 

R
5 

H R 6 ycTpeMHTb K 6ec-

CneJ:tyeT OTMeTHTb, qTo B STOH cxeMe no.iiKnroqeHHe Harpya

KH CHH)KaeT yt:TOHqHBOCTb pa60Tbl Tpnrrepa KaK aa CqeT yMeHb-

IIIeHHH BpeMeHH t 01 na-aa myHTHpyromero neilCTBHH Harpya-

KH, TaK H aa cqeT yaennqeHHH BpeMeHH ~eHOHH33IlHH BcneJ:tCTBHe 

npoTeKa.HHH TOKa Harpy3KH qepea THpaTpOH. 

§4. IlepeXOJ:tHhle npoI(eCCbl a Harpy)KeHHOM 

THpaTpOHHOM Tpnrrepe, B KQTOpOM TOK 

HarpyaKH aaMbIKaeTCH, MHHYH THpaTpOH 

B OilHCaHHOH CXeMe THpaTpOHHoro MaHHnynHTopa. paCCMaT

pnaanca cnyqail, KOrJ:ta_TOK HarpyaKH.rrpoTeKan qepea THpaTpoa
1 

TeM CaMblM BJIIIHH. Ha ycToilqHBOCTb pa6oTbl CXeMbl. 0J:tHaKO 

MO)KHO CKOHCTpyHpOBaTb cxeMy. B KOTopoii_ BeHTHJJLHblii aneMeHT

TpHrrep. 6yJ:teT cao6oJ:teH OT TOKa aarpy3KH~ HeaaaHCHMOCTb JlByx 

neneii (ynpaanmomeii n ynpaanReMoii cxeM) J:tOCTHraeTCR np11 

BhlllWIHeH11li cnenyromero ycnoansc TOK Tparrepa ae nWl)KeB npo-

16 

TeKaTb qepea o6mee corrpoTeaneHne ao apeMH_ reHepallHH; Kor.na 

TOK Tpnrrepa rrporeKaeT qepea o6mee corrpoTHBneHne, reHepaTop 

aaKpbIT. BaaHMHaH ~BR3b Me)Kny yrrpaanRromeli H yrrpaBJJHeMOll I(e

IlRMH ocymeCTBnHeTCH TOllhKO B TeqeHHe BpeMeHH cymeCTBOBaHHH 

o6paTHOll UpOBOJ:lHMOCTH noracaromero THpaTpoHa (aecKDnbKO MKCeK) 

H rrpaKTHqeCKH He CKa3b!BaeTCH Ha ycroliq_HBOCTH pa60Tbl cxeMbl. 

B aToli cxeMe HarpyaKa noJ:tinroqaeTCH napannenhHO corrpo-

THBneHHIO R 2 H He myHTHpyeT THpaTpOH, ITOSTOMY rrpn_aHannae 

ycToliqHBOCTH rrepHOJ:l pa60Tbl Tpnrrepa J:lOCTaToqHo paa6HTb Ha 

qeTblpe HHTepaana apeMeHH ( t 4= O }, conpoTnaneHne R • - npn-

paBHHTh eynro, a conpoTHBneHHH 

6eCKOHeqHOCTH. 

R 
5 '! R 7 - ycTpeMHTb K 

m. HccnenoaaHn~ napaMeTpoa 

CHHXpOilHKnoTpoHa OHHH Ha 680 Maa 

§ 1. Y MeHbl!IeHHe ifiaaoBbIX llOTepb a CHH.XpOUHKnOTpOHe 

UpH UOMOmH KOppeKI(HH aMUllHTYllbI_ yCKOpHIOmero 

HarrpIDKeHHH 181 

AMilnHTyllHO-qacTOTHaH xapaKTepHCTHKa BbICOKoqaCTHOll CHC

TeMbl CHHXpOI(HKflOTpOHa o6nanaeT 3HaqHTellbHOll HepaBHOMepHOCTbIO 

rro J:tHarraaoey qacToT. PeaKoe rroHH)KeHHe aMUnHTyllhI - npoaanhl 

Ha pHAe qaCTOT - llpHBOAHT K ifiaaoBbIM UOTepHM rryqKa H CBH3aH

HbIM C HHMH yMeHbmeHHHM HHTeHCHBHOCTH, B03HHKHOBeHHIO «jK>HO

Boro nanyqeHHH H aKTHBBI(HH nyaHTa Ha COOTBeTCTByromnx paney

cax. 

.llna KOppeKUHH aMUflHTyllHO-qacTOTHOli_xapaKTepHCTHKH 6hln 

paapa6oraH ceToqHhiii MOJ:tynHTop, coanaromnli Ha cerKe a/q reHe

paTopa nononHHTenLHoe HMnyllhCHoe cMemeHHe,·Koropoe yaenn-

aaeT B036YJKJteHHe reHepaTopa Ha qacTOTax rrpoaanoa n TeM ca

MhIM yMeHhmaeT HepaBHOMepHOCTb HCCi.IenyeMoli xapaKTepHCTHKH. 
I 

HaMepeHJ!H rroKaaanH, qTO IlOllO)KHTellbHhle HMrryJJLCbl nnHTeflbHOCTbIO. 

140 ± 20 MKCeK nna qacTOTbl 18,5 Mrn n 300 + 20 MKCeK nng: 
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- 'laCT0Tbl 15,5 Mru Il0BbIWanH HHTeHCHBHOCTh ny'IK8 ycKopeHHbIX 

H0H0B Ha 12 t- 18%. Tiona'la JKe HMIIylihCHoro CMeIUeHHSl Ha npyrHX 

'laCT0Tax He npHB0UHna K p0CTy HHTeHCHBH0CTH. 
,J. 

B CBSI3H C 3THM 6hmO BbICKa3aH0 npennonolKeHHe, 'ITO aMIIIIH-

TYUHaSI 3aBHCHM0CTh ycKopmomero aanpnlKeHHSl OT BpeMeHH IIpH 

naHHblX napaMeTpax yc·KopHTenn, 110-BHUHM0MY, He SIBnSieTCSI 011-

THManhHOll. 

§2. H3MepeHHe aMnnHTYUHO-'laCTOTHOH xapaKTepHClHKH 

a/'l CHCTeMbl CHHXp0Ul{Kn0TpoHa B pelKHMe 

ycKopeHHSl 
151 

HMeBWaSICSI annapaTypa nnn CHSITIISI /ll!HaM11'leCKOll aMIIIlHTYA

HO-'laCTOTHOH xapaKTep11CT1!KII He 1103B0ilSina ,·11po113B0llHTh 113Mepe

HIISI C HylKH0ll CTeneHb!O T0'IHOCTH. Tio3TOMY 6hma HCII0nh30BaHa 

KOM6HH8UIISI Tpex MeTOA0B: ceneKTl!pOBaHHSI, CTpo6HpOBaHHSl II re

Tep0AIIHHpOB0HIISI.~ 

HaMepsieMoe HanpsilKeane c. ycKopn10mero aneKTpona nocne 

eMK0CTHoro nen11Tensi, CM011T11poaaHaoro BHyTp11 KaMepb1, no Ka6e

n10 Alll!HOH OKOno 500 M II0CTYIIaeT Ha 113Mep11TellhHy10 cxeMy. Ha

Mepe1111e 'I0CT0Tbl II aMIIIlllTY/lbl 11p0ll3BO/ll!TCSI qepe3 <pl!KCHpo~aH

Hbie IIHTepBanhI BpeMe1111,· aanaaaeMbie CTaHnapTHblM reHepaT0pOM 

IIMIIynhCOB f5-4E, 06ecne'l11BaIOIUIIM T0'IHOCTh 0TC'leTa BpeMeHII 

aaneplKKH + 0,06%. ,llnsi .11aMepeH11n aM11n11Ty/lhI a/q c11raan nona-,.,.. -
eTCSI Ha nnaCTHHbl ocu11nnorpalji11'leCKOll Tpy6KH. BpeMeaaaSI MeTKa 

110/lCBe•maaeT COOTBeTCTBYIOIUIIH y'laCTOK ocu11nnorpaMMhI •. OTC'leT 

BpeMeHH0M aaneplKKH Ilp0113B0AHTCSI OT Ha'lana Ul!Kna ycKopea11n. 

.llnsi 11aMepea11si 'laCT0TbI Ta lKe apeMeaaasi MeTKa onpeneneaaoll 

AllH.TellbHOCTII 0TKpbrnaeT yc11n11Tellb npoMelKyTO'lHOll 'l0CTOThI, Ha 

axon KOToporo nonaeTcn c11rHan c aHonaoro KOHTypa CMeC11Tenn. 

Ha BX0/l CMeCHTensi II0CTynaIOT c11rHallbl OT Bl'l reirnpaTopa yCK0-

pSIIOIUero HanpsilKeHHSI II reaepaTopa CTaanapTHhIX c11rHaiion. t.IacToTa 

11ocnena11x 11aMepsieTcsi aneKTPOHHhIM 'laCT0T0MepoM nocne Toro,. 
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KaK Ha 3Kpaae OCUHnnorpa¢11'leCKOH Tpy6K11 aa¢11Kc11pyeTCSl IIMIIynhC, 

11powenw11ll qepe3 ycHnHT.enh npoMelKyTO'lHOH 'la'.:.T0TbI. OTHOCl!Tenh

H8Sl norpeWH0CTh B onpeneneHHII aMIInllTYllbl C0CTaansieT 3%, 

'laCT0Tbl - 0,025%; a6conIOTHaSI lKe norpeWHOCTb B onpeneneHHH 

aM11n11Ty/lbl - 8,5%. 

§3. OIITIIManhHaSI aMIIIlHTyllHO-'laCT0THaSI 

xapaKTep11cT11Ka a/'l clicTeMhI c11H

xpou11Kn0Tp0Ha /9/ 

TipennolKeH 11. 11c11onh30BaH cneny10m11ll MeTon onpeneneHHSI 

OIITl!ManhHOH 8MllllHTYAHO-'laCTOTHOH xapaKTep11CTIIKII B pelKHMe yc

K0peHHSI. B palloHe n106oll 'laCT0Tbl pa6oqell 'laCTII xapaKTepHCTIIKll 

aMIIIlllTYAa pe3KO II0HHlKaeTCSI Ha BpeMSI 100-200 MKCeK, B Hec

K0nhK0 pa3 npeBOCXOASIWee· 11ep11on ljia30Bb1X KOne6aHHH ( 10-20MKCeK). 

3Ta IIOHl!lKeHHaSI aMnn11Tyna BbI6HpaeTCSl TaKoll, 'lT06bI IIHTeHCHB

HOCTh ny'lKa ycKOpSieMhIX 'l0CTHU, K0TOpaSI ~OHTpOnHpyeTCSl Ha KO

He'll!OM .pan11yce, OCTaaanacb IIOCTOSIHHOll,. a He3Ha'111TenhHOe nanh

Hellwee II0Hl!lKeHHe aMIInHTYllpl IlpHBOAHn0 6bl K pe3KOMY 11ane111110 

IIHTeHCIIBH0CTII. 

Ha pHC • .4 IIOKa3aHa OilTl!MaJibHaSI aMIIIlllTYAHO-'laCT0THaSI xa

paKTepHCTl!Ka, CHSITaSI BbIWeyKa3al!HbIM MeTO/l0M. yj3 rpaljiHKOB BHA

HO,. 'IT0 B Te'leHHe 6onee 80% npeMeHII yCKOpeHl!Sl aMIIIlHTYAa yc

K0pSIIOWero HanpsilKeHl!Sl MOlKeT 61,1Tb cymecTBeHH0 HHlKe 6e3 no

Tep11 IIHTeHCIIBHOCTII. ·TaKHM o6pa30M, n1160 11p11 HeH3MeHHOH IIHTeH-

CIIBH0CT.~ M0lKHO CHll:;JIITh 11anpSilKeHHe Ha Bap11aTope II IlOBblCIITb 

11anelKHOCTh pa60Thl ycKop11Tensi, n1160, coxpaHSISl noCTOSIHHOii non

B0AIIMYIO MOWH0CTh, HO nepepacnpenensiSI ee Ha11ny'lWHM o6pa30M, 

no611TbCSl yaen11qe1111n HHTeHCIIBHOCTII yCKOpHTenSI. 

' 

3 a K n 10 'l e H II e 

KoMnneKc npoaeneHHhIX 11ccnenoaa1111ll aaTpar11aaeT npo6ne

MhI, C K0T0pbIMII aBTOPY npHWilOCb CTOilKHYThCSl B Te'leHHe nocnen

HIIX neT. B 3TOT nep11on 6bm peweH pnn aana'l, CBSI38HHhIX C yco-
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BepmeHCTBOBaHHeM 3KCnnyaTallHOHHb!X xapaxTepHCTHK CHHXPOllHK

/IOTpOHa n nccnenoaaHHRMH B o6nacTn· ¢nauxn ycxopnTenR. non

BOAR HTOr', H006XOAHMO OTM0THTb C/10AYJO!Il00:. 

1. TTpoaeA0HHaR peKOHCTpyKllHR nepBOI'O BapHaHTa CX0Mbl 

ynpaBIIeHHR Il03BO/IH/la HaCTOnhKO yBenH'IHTb HaA0lKHOCTb CX0Mbl, 

'ITO IlPOCTOH H3-3a ee HeHcnpaBHOCTeil B HaCXOR!Ilee BpeMR He 

npeBhilllaIOT 0, 1 % pa6oqero BpeMeHH ycxopaTenR. P aapa6oTaHHhie 

AOilOIIHHTe/lbHO 6/IOKH K CHCTeMe ynpaaneHHR Il03BO/IH/IH C03AaTb 

PRA cneuHallbHb!X pelKHMOB ycKopeHH~ (HeKOTOpbie H3 HHX 6bI/IH 

BnepBb!e ocymeCTB/leHbl Ha CHHXPOllHK/!Oll'pOHe OH RH). 'ITO nano 

B03MOlKHOCTb npoBeCTH cepH!O HOBblX ¢H3H'leCKHX HCC/10AOB8HHH 

. Ha ycxopHTene. 

·2. nonpo6Hb!H aaa/lH3' CXeMbl HeCHMMeTpH'IHOI'O BeHT!lnhHOI'O 

Tparrepa, HarpyJKeHHOI'O aKTHBHbIM He/lHHeHHbIM conpOTHB/leHHeM, 

OAIIH H3 BapuaHTOB KOTOPOH HCilO/lb3yeTCR_B Ka'leCTBe MaHHilYIIR

TOpa B CHHXpOUHK/IOTpOHe OHHH, Il03BOIIHII: a) npeAIIOlKHTb 0606-

meHHYIO CXeMY Harpy~eHHOI'O Tpurrepa H MeToA TeXHH'leCKOI'O 

pac'leTa ee ycTOH'IHBOCTH; 6) o6'bRCHHTb npH'IHHbl cymeCTBeHHOI'O 

CHHJKeHHR YCTOH'IHBOCTH Tparrepa npH IlOAKIIIO'leHHH K HeMy aar

PY3KH C He3aBHCHMblM HCTO'IHHKOM TOKa H AaTb peKOMeHA8UHH 

A/IR !IX ycTpaaeHun. TTpH 3TOM 6hl/lO noKa3aHo, 'ITO ycTOH'IHBOCTb 

pa60Tbl TpHrrepa B03pacTaeT npH He3aBHCHMOM npoTeKaHHH TOKOB 

TpHrrepa H aarpyaKH qepea o6myro aeTBb cxeMhI. 

3. B peaynbTaTe npoaeneimn pa6oT no KOppeKUHH aMnlIHTyAHo

'laCTOTHoli: x~paKTepHCTHKH CHHXpOilHKIIOTpoHa yMeHbllleHbl ¢a30Bble 

noTepu a yBelIH'leHa HHTeHCHBHOCTb ny'IKB Ha 15%. 

TTpennoJKeH MeToA H paapa6oTaHa annapaTypa A/IR onpenene

Han·on;HMSnhHOH aMil/lHTyAHO-'laCTOTHOH xapaKTepucTHKH Ha neil

CTBYIO!IleM ycKOpHTelle H CHRTa TaKan xapaKTepHCTHKa. TToKa3aHo, 

'ITO B03J'40JKHO o6ecne'IHTb HeCKO/lbKO 6011ee Bb!COKY!O HHTeHCHB

HOCTb ny'IKa IlpH TSKOM lKe IlOTpe6neHHH Bl<i MOIIlHOCTH B cny

'lae C03A8HHR OilTHMa/lbHOH xapaKTepHCTHKH • 
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