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fnaaos A.A. H llP· 9 - 11345 

CucreMa nporpaMMHOil nepecrpoiiKH II anTOMaTH'IeCKOii 

HacrpoliKII Ha pa6o'IyJO qacrory llyaHTHoro KOHTypa UHKnorpoHa Y-!20M 

OnHcaHa CHCTeMa nporpaMMHOil ncpecrpoilKH H' aBTOMaTH'IeCKOil Ha­

CTpOJIKH Ha pa60'IYK> 'lBCTOTy nyaHTIIOI'O KOHTypa UHKfiOTpOHa Y-120M, 
npellHB3HB'!CiiiiOI'0 llfi<I YCKOpCHHH pa3nl1'1llbiX HOHOB B UlllpOKOM /lHBllB30HC 

3HCpi'I!Il• 'ITO CB513BHO C rny60KUM H3MCIICHIICM 'l8CTOTbl ycKOpmOUlCr'O 

BbiCQKO'IaCTOTHoro non<I. BoaMOlKHOCTb I'ny6oKoii nepecrpoi1KII 'laCTOTbl 

nyaHTnoro KOtiTypa Y-120M (s pa6o'!eM LlHanaaoHe qacror 9t-27 Mfu) 
H ee nnanHofi HacrpoHKH o6ecnequaaercH nanlP-IHeM noneHJKHhiX naHeneH 
11 Tpl!MII.ICpHbiX KOHileHcaropon aHa'fKTeflbHoii eMKOCTH. Pa6o•1aS1 qacrora 

(TO'!Ka HacrpoilKH) n nepso~' cnyqae onpenen<IeTCH nono>KeHneM py'leK 

lleKaDHOr'O CHHTC38TOpa,a Jl8T,'IHKPM CHf')lana OUlH6KH CI!CTeMbl BDTOMBTH­

'IeCKOii flOilCTpo!"!KH '18CTOTbl SIDf!HeTCSI <jla30BbiH /lCTeKTOp, 

Pa6oTa BhlnDnHeHa B na6opaTOPHI1 HnepHbiX npo6neM OvHIYI. 

Coo6meHHe 06bel1KHCIIHOf'O HHCTKTyTa H!lCpllblX HCCfle!lOB8fl!lii. fiy6Ha 1978 

Glasov A.A. et a!, 
9 - 11345 

A System of Program and Automatic Tuning· to Operation 
Frequency of the U-120M Cyclotron Dl!ant Contour 

A system of program and automatic tuning to rf, accelerating 
system of the U-120M isochronous cyclotron is described. The 
possibility to change the frequency in a broad band. and tune it 
precisely is based on using two systems for changing the fre­
quency: moving panels and trimming condensers vvith high maximum 
capacity. The operation frequency (panel position) is determined by 
a frequency synthesizer, In a feedback system the phase detector 
is used, It is possible to tune the system in all frequency band 
(9 to 27 Mc/s) by five removing of the panels, 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR, 

Communication of the Joint Institute for Nuclear Research. Dubno 1978 

@ J978 06r.eJI.BBeHHU. BHCTJlf'TT SIJI.epBUJC BCCJl811.0BitHBI# /ly6HB 

)J.m1 o6ecne'leHHJI ycKopeuus wupoKQro cneKTpa 'lacTHil 

DpH DJJaBHOM H3MeHeHHH HX 3HeprHH nyTeM H3MeHeHHJI 

MarHHTHOI"O DOJIJI B H30XpOHHbiX l(HJCJIOTpOHaX BbiCOKO'Iac­

TOTHaJI CHCTeMa ~OJDKHa 6DITL WHpOKO.llHalla30HHOH H DJlaB­

HO nepecTpauaaeMoi. 

B H3BeCTHLIX BbiCOKO'IaCTOTHbiX CHCTeMaX ~JIJI :)TOH 

l(CJJH HCDOJ1L3YIOT pe JOHaTOphl B BH,IlC 'ICTBepLTBOJIHOBbiX 

/nonyBOJIHOBbiX/ pe30HaHCHbiX JIHHHH C ITO~BIDKHOH 3ai<o­

poTKoi / l/ HJIH nauenLuoi 6ecKOHTaKTHoi nepecTpORKoi 

'laCTOTbl / 21. 
He~ocTaTI<OM nauenLuoi cucTeMbl c 6ecKOHTaKTHbiMH 

"JIOMaiOU{HMHCJI" DaHeJIJIMH JIBJIJieTCJI HCB03MO)KHOCTL nnaa­

HOH, a TeM 6onee aaToM'aTH'IeCKoi, nepecTpoixu n wupo­

KOM ,llRaDa30H~ 'laC TOT, Tal< I<aK 3J1eMeHTbl nepeCTJ>OHKH 

JIBJIJIIOTCJI rpy6DIMH, CHJibHO BJIHJIIOII.(HMH Ha pe30HaHCHYIO 

'laCTOTy H He o6ecne'lHBaiOU(HMH .llOCTa10'IHOH reoMeTpH­

'IeCKOB HOBTOpJieMOCTH H DJiaBHOCTH nepeMell(eHHJI. 3TO, 

B CBOIO O'lepeJlL, He D03BOJIJieT HJiaBHO H3MeHJITL 3HeprHIO 

yci<opeHHLIX qacTHl(. 

B l(HJCJJOTPOHe y -120M yKa3aHHaJl ueJIL ,llOCTBraeTCA 

TCM, 'ITO B pC3QHaTope YCTaHOBJJCHbl nepe.ItBIDKHble naHeJIB 

C pa3)KBMHLIMH KOHTaKTaMH B MHOI"OliJJaCTHH'Ia Tble TJlHM­

Mepuwe KOH,IleHCaTOpbl C eMKOCTLIO, OJ1R3KOB K CMKOCTH 

JlYaHTa/3f.CacTeMa aBTOMaTB'IeCKOI"O 3J1CJCTpOHHorO ynpaa­

JJeHHJl nepeMeU(CHHCM yKa3aHHWX 3J1CMCHT.OB H DCTJIH CBJI3B 

a JaaacBMOCTB oT qacToTw Ja.D;aromero reuepaTopa o6ecue­

'IBBaeT nnaBHOe BJMCHCHBe :JBeprBB yCJCopeHHWX 'laCTIUJ.. 

)J.uana30H 'laCTOT .D;yaHTHOI"O KOHTypa /8,5726~6/ME'f# pa3-

6HT Ha DJITJ. DO.Il.IlBaDa30HOB rpy(ioi: nepecTpOiKR C DO­

MOU{LIO naHeJiei/4/, )J.JUI Ka>K,IlOI"O B3 4»BKC8pOB8.BHWX DOJJO-

3 



)KCHBB DaHe.neii BMeiOTCJI nporpaMMW, CBJ13biBaiO~Be nono­

)KeHHe TpBMMepOB B DCTJIB CBJ13B C pc30HaHCHOB 'laCTOTOH 

BWCOKO'IaCTOTHOH CBCTeMLl. B Ka'leC'IBe ~T'IHKOB nono­

)KeHHB HCOOnb3yiOTCJI MHOroo6opOTHble DOTeH~OMeTphl, a 

3a,AaHHe DOJJO)Ke!fHJI /pa6oqej 'laCTOTW/ ocy~eCTBnJieTCJI OT 

CHHTe 3aTopa qacTOTW, ,neKa,AHhle nepeKniD'IaTenH KOToporo, 

onpe.n.en.IIIO(UHe 'laCTOTY, O,AH03Ha'lHO CBJl3aHbl C 3HeprHeH 

ycKopeHHbiX 'laCTIIl{ OpH pe30HaHCHOM none H JIBnJIIOTC.If 

e,nHHCTBeHHbiM opraHoM ynpasneHHJl. ToquaB no,,{cTpoiKa 

'laCTOTW pe30HaHCHOB CBCTCMbl OCYIUCCTBn11CTCJI C no­

MO~hJO CBCTeMbl aBTOMaTB'IeCKOH OO,ACTpOHKH 'laCTOThl 

I Anq; c l)alOBbiM ,neTexTopoM. 

Ha puc. 1 noJCa3aHa WBpoi<o,nHanaJOHHa11 awcoi<o'lac­

TOTHaJI pe JonaHcHaJI cHcTeMa I B q PC/ UBI<noTpoHa Y- 120M. 
llepeMemeHae na.Heneii. TPBMMepoa H neTnH CB.IIlB no 

cneuaanhHWM nporpaMMaM DpOB3BO.AHTCJI 3ner<TpOMOTO­

paMH OT ynpaBJIJICMLIX THpBCTOpHWX BbiDpJIMBTeJieH. Ha 

puc. 2 npuse,neHa l)yHKUBOHaJihHaJI cxeMa nporpaMMHoii 

nepecTpOBI<B H aBTOMaTB'ICCKOB HaCTpoHI<H BqPC. 
llpu Ha6ope qacToTw a 3a,naJOmeM reHepaTope o.nuo­

B])eMeHHO aaToMaTH'IeCKB ycTaHaanaaaJOTCJl ypoBHB Ha­

npJnKeHaii B nporpaMMaX, COOTBeTCTBYIOIQBe Ha6paHHOH 

qacToTe. Hanp11:>KeHHe OT nporpaMM u ,naT'IHI<OB nono:>Kenuii 

DOCTynaeT Ha BXO.A ,nacMJepeHQHaJlhHbiX ycHnHTeneii DOCTOJIH­

HOrO Toi<a /YllT I, awnonneHHhiX ua MHr<pocxeMax 

KIYT40Ib /puc. 3/. ,lJ,aT'IHI<H nono:>KeHHii - MHoroo6opoT­

Hble DOTeHUHOMeTpW THOa IIflMJI-MlOK nocpe,ACTBOM 3y6-

'laTLIX pe.Qyi<TOpOB :>KCCTI<O CB113aHbl C aanaMH ,ABHraTeJieH. 

Hanpg)l(eHHe ,IJ.aT'IHKOB HcnonhJyeTc11 H ,nnJl HH.AHKaUHH 

nonolKeHHJI nepe,ABHraeMbiX CHCTCM BtiPC C OOMOIUhiO 

lUicl>POBOrO BOnbTMeTpa. 3aBHCHMOCTb Hanp.II:>KeHHJl,AaT'IHKOB 

nono:>KeHHB OT 'laCTOTLI rna,nKaJl, C HenHHeBHOCTbiO ne 

,AHanaJoHy- /10-;-20/~. 
.l{nJl aBTOMa TH'IeCKOrO ynpasneHHJI nepeMemeHHeM CHC­

TeM BtiPC cny:>KaT O,AHOTHOHLle 3neKTpOHHbiC CXCMLI ynpaa­

neHH.If I puc. 4/, awnonHenuwe ua TpaH3HCTopax H HHTer­

panbnwx cxeMax . 

.l{synonHpHhlii cHrHan nocne YllT nocTynaeT Ha axo.n 

pa3nB'IHTeneii 3HaJCa /TpBrrepw lllMBTTa/ Ha (p-n-p)- H 

fn-p-n) -TpaH3BcTopax. B CBCTeMe perynBpoaaHBJI c ue-· 

nocpe,ACTBeHHOH CBJ13bl0 B ,AOCTaTO'IHO Manoa OOCTOJIHHOH 
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BpeMeHB TpBrrep IliMBTTa "'YBCTBBTeJieH K nouexaM no 
nepeMeBHOMY TOKy, H&JIO~eHHWM Ha CBrHaJI nOCTOgHHOrO 
TOKa. Ja Bpeyg pa60TW npBBO,IJ,a TpBrrep MO~eT HeCKOJibKO 
pa3 B3MeHHTb CBOe COCTOgHBe OT noMeXB, npOTBBOnOJIO~­
HOR cBruany nongpuocTB, 'ITO npBBO.IJ.BT KaBTOKone6auBgM 
CBCTeMW. ~Jig ycTpaHeHBg 3TOrO He,IJ,OCT&TKa BM~CTO pe-
3BCTOpa R 3 B l(enB 3MBTTepoB TpBrrepa nocTasneu Tpau-
3BCTop T 3 c ynpasneuBeM no 6a3e H3 KOJIJieKTopuoi l(enB 
TpaH3BCTOpa T 2, OTKpWTOrO B HOpMaJibHOM COCTOgHBB. llpB 
nepexo,IJ,e TpBrrepa B ,11,pyroe cocToguBe uanpg~euBe Kon­
neKTop- 3MHTTep TpaH3BCTopa T 3 yueubwaeTcg, OT"'ero 
TpaH3BCTOp T l BXO,IJ,HT B H&CWII(eHHe B 60JibWei CTeneHH. 
ECJIB !lUk (T 3) > U 

0 
, TO &BTOKOJie6aHBg B CBCTeMe 3a 

cqeT nouexa nepeueuuoro TOKa OTCYTCTBYJOT, B TO ~e 
Bpeyg ,II,BHaMB"'eCKOe ConpOTHBJieHHe B l(enB 3MHTTepOB 
TpBrrepa ao3pacTaeT, 'ITO npBBO.IJ.BT K 6onee ycToi"'BBoi 
pa6oTe. Ha awxo,11,e pa3JIB"'BTenei 3HaKa cxeua ynpasneuBg 
BMeeT ,IJ,Ba O,IJ,BHaKOBWX KaHaJia JIOrB"'eCKBX CXeM, nponyc­
K&IOmHX npB uaJIB"'BB BXO.IJ.HOro curuana npguoyroJibHWe 
BMnyJibCW OT reuepaTopa-MyJibTBBH6paTopa ,IJ,Jig 3&nycKa 
TBpHCTOpOB BWnpgMHTeJig, qaCTOTa KOJie6aHBR reuepaTo­

pa - - 1000 r11. 
~Jig ycTpaHeHBg &BTOKOJie6aHBR perynBpyiOmei CBCTe­

MW 3& C"'eT HHepi(BB ,IJ,BHraTeJieR H nOBWWeHHg TO"'HOCTH 
0Tpa60TKH npe,IJ,yCMOTpeHO HCKYCCTBeHHOe TOPMO~eHHe ,IJ,BH­
raTeJieH BCTpe"'HWM HMnyJibCOM TOKa. ~JIHTeJibHOCTb 
BCTpe"'HOrO HMnyJibCa TOK& perynupyeTcg, 'ITO n03BOJigey 
HCnOJib30B&Tb 3TY CXeMy ynpaBJieHHg ,IJ,Jlg p&3JIH"'HhiX ,IJ,BH­
raTeJiei H pe,IJ,yKTOpOB • 

CucTeua asToMaTH"'ecKoi no,IJ,cTpoiKH qacToTw BqPc 
awnonueua Ha nonynpoBO.IJ.HHKOBWX .IJ.HO,IJ,ax ~18 c YllT 
ua M!IKpocxeMe K1YT4011i /puc. 5/. KoppeKTHPOBKa Wa.-
30Boro C,IJ,BHra ,IJ,OCTHraeTcg BO BCeM ,IJ,H&n&30He "'&CTOT 
nyTeM nepeKJIIO"'eHHg 0Tpe3KOB p&,II,BOKa6e~g nocpe,II,CTBOM 
pene TBna P3C-6, ynpasngeuwx OT 3a,IJ,aiOmero reuepa-

. Topa. CBruanw .IJ.Jig 4Ja3osoro ,IJ,eTeKTopa ciiBMaiOTcg c .IJ.BYX 
neTeJib, ycTaaosneuawx B paioue 3aKopoTKB B Ha WB.IJ.epe 

y neTJIB CBJI3B. llo,IJ,cTpoiKa Bqpc eMKOCTH&JI, c nowombiO 
TpBwuepa I M = ±SO KFII/. llepexo,11, oT rpy6ol: nporpaMM­
Hol: H&CTpORKB K Afiq ocymeCTBJIJieTCJI &BTOM&TB"'eCKB 
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CXeMOI CJie)KeHBJI 3a ypOBHeM BWXO,llHOFO HanpJI>KeHBJI 

YilT nporpaMMHOB nepecTpOBKB. 

IlporpaMMbl JJ.JJJI nepewe~eHHJI naaeneii H neTJJB CBJI3B 

BblnOJIHeHbl Ha ,IJ.HO,llHblX Ma TpB~ax B pene C aJCTBBHblMB ,IJ.e • 

naTeJJJINB c waro:w l 00 KFI#. Ous BXO.llJIT B JCoMnneJCT 

3a.IJ;aiO~ero reaepaTopa. TpHMMepHaJI nporpawwa aacTpoi­

JCB B"liPC Bblnonaeaa aa aJCTBBHblX pe3BCTopax CI15-l BA 

H pene c waroM 10 KFII. Pene B TOM a JlpyroM cnyqae 

ynpaBJIJIIOTCJI nepeKJIIO'IaTeJJJIMB 3a,llaiO~ero reaepaTopa. 

TpBMMepsaJI nporpaMMa sblnonaeaa no npaa~ny B3Meae­

BBJI BeJJB'IBHbl R npa nOCTOJIHHOM CTa6HJIB3BpOBaHHOM 

RCTO'IHBJCe TOKa. BeJIB'IBHY conpOTHBJieHBJI B Tpe6yeMOi 

TO'IKe nporpaNMW onpe,lleJJJIIOT yposHB ~enwx MF11, JC JCa>K­

JJ;ONY yposa10 ~enwx Mr11 no.llJCJIIO'IaiOTCJI no .lleCJITia oTna­

qa~xc• ,llpyr OT ,llpyra YPOBHei COTeH KFII, a JC JCa>K,llOMY 

ypoBHIO coTeH tcFII no.llKJIIO'IaeTc.JI o,llHa R Ta >Ke .lleJCaJJ.a 

,lleCJITJCOB KFII C JCoppe~Bei no TOJCY OT BTOporo HCTO'IHHJCa 

TOJCa. 

Uepe,llBB>Keaae naaenei MO)KeT 6wTJa oc~ecTsneao 
TO.n'laJCO npH pa3>KaTWX 3aJCopa'IHBaiO~X YCTpOBCTBaX, a 

ycJCOPJIIO~ee aanpJI>KeHae OT reaepaTopa Mo>KeT 6WT1a no,llaao 

TOJIIaKO npH 3a>Ka TblX 3aJCopa'IHBaiO~X ycTpOHCTBaX. 3a • 

)KATHe H pa3)KaTHe npOH3BO,llHTCJI OT FH,IJ.paBJJB'ICCJCOFO 

cTeH,lla. Pa3peweaae aa nepe,llBH>KeHae naueneii ana no,IJ.a'ly 

HanpJI)KeHHJI ocy~eCTBJIJIIOT MHJCpOBWKJIIO'IaTeJJB, YCTaHOB· 

JieHHble Ha 3aKOpa'IBBaJO~BX ycTpOHCTBaX no BCeMy nepa­

MeTpy o6eax naaeneii. 

~JIJI JCOHTPOJIJI 3a yCJCOpJIJOmBM HanpJI>KeHHeM HCBOJJia-

3yeTCJI eMJCOCTHWii .llensTen~a, sepxaee nneqo JCOToporo o6-

pa3osaao eMJCOCTiaiO 3JJeKTPOJJ.a ,llaT'IHJCa c 6oJCosoii KPOMKoii 

,llyanTa B6JIB3B ycKopJIIO~eii ~ena, a BTopoe nneqo - no­

CTOJIHHoi KOHCTPYKTBBHOH eMKOCTiaiO no OTHOWeHHIO K JeN­

Jle B nO,llCTpOe'IHblM TpBMMepHWM KOH.lleHCaTOPOM. 

IlpB BCBOJIIa30BaHBB naMnOBOFO ,lleTeKTOpa, ,llonycKaJO· 

~ero YCTaHOBKy B BOJJJIX BOHB3Hpy10~BX B3Jiy'leHBii, BblCOKo­

qacTOTHblH /B"ll/ CBFHaJI MO>KeT 6b1Tia npo,lleTeKTBpOBaH 

uenoCpe,IJ.CTBeHHO y eMKOCTHOFO ,lleJIBTeJJJI, B npB 3TOM 

e,IJ.BHCTBennblM Tpe6osauaeM K neMy JIBJJJieTCJI o6ecneqeuae 

ueo6XO,llBMOH BeJJB'IBHbl B llOCTOJIHCTBa K03~H~BeHTa ,IJ.e­

JJeHBJI. 0,1J.HaKO ,IJ.JIJI o6ecne'leHHJI B03MO)KHOCTB HCB0JIIa30-
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BaHBJI nonynpOBO,AHBKOBbiX ,neTeKTOPOB BnB Ha6mo,neHBJI 
3a B q- csruanoM c noMOll(LIO ocu;snnorpa<lJa ueo6xo.nsMo 
nepe,naBaTL Bq·CHrHan OT ,nenuTenJI no Ka6emo Ha 3Ha· 
qsTenLHQe paccTOJIHBe. BTopoe nneqo .nensTenJI cTaHOBHTCJI 
KOMnneKCHhiM. B ,nnJI ocyll(eCTBneHBJI nepe,naqa caruana c 
ManLlMH OWH6KaMB B ,AHaDa30He qacTOT K 3fleMeHTaM ,nenB" 
TenJI npe,A'LJIBllJIIOTCJI ,nononHHTenLHble Tpe60BaHHJI. 

B Y -120M B03MO)I(HO TpoeKpaTuoe nepeKpbiTHe no 
qacTOTe, H ,qT06bl DpH 3TOM OWH6Ka ,neneHHJI He npeBbiWa· 
na ±a(a << 1) , ,AOn)I(HO BbiDOflHJITLCJI ycnOBHe 

(x/R)2 ::; 1/[~ + 2a- 5], 

r.ne x 2 = 1/(.t)Ma C 2 , C 2 - eMKOCTL BToporo nneqa .nena-Kc. 
TenJI, R - conpoTHBneHae, napannenLHoe x2 . 

IlOCKOflbKY KOHCTpyKTHBHO c,nenaTb C 2 3HaqaTeflbHOB 
aenaq&Hbl 3aTpy,nHHTenLHO, ,nnJI nepe,naqa uanpJI)I(eHBJI c .ne­
naTenJI u;enecoo6pa3HO acnonL3oBaTL Ka6enL c 6onLWHM 
BOflHOBbiM conpoTHBneHHeM. B npHHJITOM .nen&Tene cl = 
= 0,3 nK<l>, aonuoaoe conpoTHBneuae Ka6em1 - 100 OM. 
ConpoTaaneuse R cocToHT H3 .nayx qacTei: 100 OM ua 
axo.ne Ka6enJI uenocpe,ncTaeuuo y .nenaTenJI a TaKaJI )l(e 
Harpy3Ka Ha KOHIJ;e. IlpH CYMMapHO.M K034MtiHUHeHTe ,neneHHJI 
1/2500 /20B ua Bblxo.ne/ MOID;HOCTL, pacceaaae.MaJI ua 
Ka)l(,nOM H3 conpoTHBneuai, cocTaanJieT 2 B•. EMKOCTL 
BTOpOrO nneqa • 370 nK<l>; OWH6Ka, CBJI3aHHaJI C qaCTOTHOB 
3aBHCHMOCTbiO K03t)4lBIJ;HeHTa ,neneHHJI, • ±1, 3~. 

Bonee 3aaqsTenLHoi a, npaKTaqecKH, ueycTpaHHMoi 
JIBnJieTCJI' owB6Ka, CBJI3aHHaJI c pa3naqHbJM 3aTyxauae.M 
B Ka6ene ua pa3HhiX qacToTax .naana3oua. Ilpa qacToTax, 
xapaKTepHbiX ,AnJI Y ·120M, K034MtiHUBeHT 3aTyXaHBJI -yf B 
cocTaBnJieT- 5·10 '3 Hen./Me•p ,nnJI cpe,nuei qacTOTbl /5/, 

B 3TOM cnyqae DpH ,AnBHe Ka6enJI 30 M $ f $ 100 M 

OWH6Ka B3MeHJieTCJI OT ±3,8~ ,no ±13~. 
Ilocne ,neTeKTopa H3.MepJie.Moe uanpJI)I(euae no.naeTCJI ua 

YilT c rny6oKoi o6paTuoi CBJI3LIO /puc. 6/. 
IlOCTOJIHHble BpeMeHH ,neTeKTOpa D03BOflJIIOT nonyqaTL 

orB6aiOIIJ;YJO Bq·HaDpJI)I(eHHJI DpH HMDynLCHOB .Mo,nynJIIJ;BH. 
HanpJI)I(eHBe c uarpy3KB .neTeKTopa no.naeTCJI ua 3neKTpou­
HYIO CXeMy, co,nep)l(all(yiO HaKODHTenLHbiB KOH,IleucaTOp C 13 , 
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KOTOPLIH 3apJI)KaeTCJI ~0 aMDnHTY~Horo 3HaqeHHJI KaK B He­

npepLIBHOM pe:>KIIMe, TaK H DpH HMDynbCHOH MO~ynJI~BH. 

TaKHM o6pa3oM~ cxeMa no3aonJieT H3MepJITb ycxopgro~ee 

HanpJI)KeHBe KaK B HenpepLIBHOM pe)KHMe, TaK H B BMDynbc­

HOM C Ma,KCHManbHOH CKBa)KHOCTbiD. HIVKHJIJI qacTOTa MOJJ,y­

nJIUHH F MOJl, H, = 25 Tt~; MHHHMaJlbHaJI JJ,nHTenbHOCTb HM· 

nynbca rMllH. = 0,5 MC, apu 3TOM norpewHOCTb H3MepeHHJI 

B03pacTaeT He 6onee qeM Ha 2~. MaKCHMaJibHOe BLIXO~HOe 
HanpJI)KeHHe 5,0 B cooTBeTcTayeT 50 KB aMnnHTY~Horo 
3HaqeHHJI ycxopJUOJ.Uero Hanpg)KeHHJI. 
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