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nonos B.A. 9 - 11835 

CBCTeMa B'I-Boa6ylKJlSHBSI peaoaaropa nY-20 CHHXpo$aaorpoaa 
OHHH 

Ha nY-20 CBHXpo$aaorpoaa OHHH npoBeaeHbl pa60Tbl no llOBbiWSHHIO 
aaaelKROCTB sKcnnyaranBH B ysena'leHRIO BBOtliiMOit a peaoaarop BlJ-t.towaocru 
npeoaoneHBe YPOBHSI pe30H8HCHOro BbiCOK0'18CTOTHOro pa3p5Ula npB BY-aoa-
6ylKaeHHH pe30H8TOpa nY-20 o6ecne'IHB8eTCSI BKniO'ISHHSM 38tl810Wero reae
paropa, qacrora Itoroporo Bhiwe qacroTbi peaoaaropa aa 11! -100 Kfn, unu 
BKniO'IeHHeM tlOIIOnHIITSnhHOit CHCTeMhl nonOlKHTSnhHOit 06paTHOit CBSI311 88 
BXOil ycunarenll MOIIIHOCTH. nn!l nony'leHHSI BY-MOIIIHOCTH nopS11lK8 4,5t-5 MBT 
B peaouarope nY-20 npoaeaeao cnolKeHHe MowuocreR aayx reaeparopoa. 
3ro o6ecne'lnno cra6HnhHYIO pa6ory BY-reueparopa BHlKeKilHOHHoro KOMnlleK
ca H II03BOnBnO yBenH'IHTb HHTSHCHBHOCTb ny'IK8 npOTOHOB H8 BbiXOtle nY-20, 

Pa6ora awnonaeaa a na6oparopHH BbiCOKHX sueprui! OHHH. 

Coo6meHHe 06'bell&HeHROro BHCTHTyTa liJlepHb!X &ccnenosaHBll. ny6Ha 1978 

Popov V.A. 

The RF-Excitation System for JINR Synchrotron 
20 MeV LINAC 

9 - 11835 

The results of performances carried out at JlNR synchrotron 
20 MeV LINAC with the aim of increasing the operation reliability 
and RF power are presented, On the input of the power amplifier 
an additional generator with a higher frequency ( 11 r- 100 kHz) or 
a positive feedback have been used to overcome multifactor ef
fects. In order to achieve the 4,5-5 MWt RF level the power of 
two generators was added, As a result, a higher operating stability 
of the RF system and output beam intensity of the 20 MeV LINAC 
have been achieved. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

@ 1878 06fJeJZBBeBBbl/l BBC'I'IIf'YT JlllepBbiJC BCCReJZOBSIIJlit Jly6BS 

IlpOTOHHbiH JIHHeHHbiH ycxopHTeJI.b JIY-20 JIBJIJieTCJI 
MHorou;eneBbiM HHlKeKTopoM CHHxpo«l>a3oTpoaa OHJIH, yc
xopJIIOID;HM npoToHw ,~~;o 20 M3B H JI,IJ;pa nerxHx 3JieMeH
TOB - ,~~;o 5 M3B/HYKA. Oa npe,~~;cTaBJIJieT co6o:ii o,~~;aope3o
HaTopaw:ii JIHHeHH.blH ycxopHTeJI.b ITHna AJI.bBapeu;al, KOTO
pbiH 3anHTb1BaeTcJI oT Tpexxacxa,~~;aoro reaepaTopa no 
CXeMe C noJIOlKHTeJI.bHOH o6paTHOH CBJI3.bl0 IIIOCI 11epe3 
pe3oHaTop. 

CHcTeMa IIOC oxsaTwsaeT TPH xacxa,~~;a ycHJIHTeJIJI MOiu;
HOCTH H o6ecne'IHBaeT B pe30HaTope HOMHHaJI.bHOe Bq
HanpJilKeHHe I U HOM. - B q-aanpJilKeHHe, npH xoTopoM CHHx
poHHaJI ~a3a pasaa pac'leTHo:iil. OcHOBHaJI TPY.IJ;HOCT.b npH 
Bo36y)I(,IJ;eHHH pe3oHaTopa, uaxo,IJ;JIID;erocJI B saxyyMe 
-10-6 Top, COCTOHT B TOM, 'ITO BO BpeMJI HapacTaHHJI 
Bq-aanpJilKeHHJI B ycxopJIIOID;HX 3a3opax B03HHxaeT pe3o
uaucaw:ii B.blCOKO'IaCTOTHWii pa3pJI.IJ; IPBP I. PBP B JIY- 20 
IB.biCOKOBaKyyMHaJI OTKa'IKa npOH3BO,IJ;HTCJI MaCJIJIH.blMH Ha
COCaMHI nOJIBJIJieTCJI Ha ypOBHe 0,001 U HOM_5: UPBP :S:. 
~0,1 UHOM. • Bo3HHKHOBeHHe PBP B 3TOM HHTepsane ua
npJilKeHH:ii CBJI3aHO C nOJIBJieHHeM pa3pJI,IJ;OB, B OCHOBHOM, 
B nepB.biX YCKOpJIIOID;HX 3a3opax. IlpH 3TOM npOHCXO,IJ;HT 
HCKalKeHHe paBHOMepuoro pacnpe,~~;eneHHJI Bq -nonJI uyneso:ii 
Mo,~~;w TM 010 B,IJ;OJI.b pe3oHaTopa, a qacToTa pe3oHaTopa 
H3MeHJieTcJI. Pacnpe,~~;eneHHe Bq -nonJI H3MepJIJIOC.b npH no
MOID;H 16 neTeJI.b CBJI3H, pacnOJIOlKeHHbiX paBHOMepHO no 
o6pa3yroiD;e:ii pe3oHaTopa. 

,L(nJI npeo,~~;oneHHJI PBP ua JIY- 20 6wna npHMeHeHa 
cxeMa c ,~~;onoJIHHTeJI.bH.blM 3a,~~;aroiD;HM reuepaTopoM l3r I, 
'laCTOTa KOTOporo B.biWe Ha ~f - 100 KFij 'laCTOTbl pe3o
HaTopa /!-3/. 
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B 3TOM cnyqae Bli-so36y)I(JI;euue pe3oHaTopa ocyi.QecT
amieTcH oT .n;ononHHTenbuoro 3r .n;o ypoBHH - 0,1 UHoM. c 
nepeKoweHHbiM noneM. Kor.n;a ypoaeub Bq_nonH a pe3oua
Tope ,ll;OCTHraeT 3Ha'leHHH U PBP "'0,1 UHOM. , CHCTeMa 
rroc o6ecne'lHBaeT uapacTaHHe Bli-nonH .n;o UHOM .. llpH 
3TOM a pe3oHaTope ua6mo.n;aeTCH noHaneuue MO,ll;bl TM 011 , 
'laCTOTa KOTOpOB BbiWe OCHOBHOH 'laCTOTbi pe30HaTopa 
I fp = 145,0 MFll/ ua M"' 250 KFll /eM. puc. 1/. 

Puc. 1. Ozu6a10111Ue Bfl- HanpJIJKeHuu, CHUMaeMbiX c nemeAb 
N!!1,5,9,16 /cHu3y eeepx/, Ha ypoeHe UPBP"' 0,1 UHoM npu 
pa6ome c oonoAHUllleAbHbiM 3aOa10fiiUM zeHepamopoM. t pa38. = 
= 10 MKC/CM. 
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ITpu uccne.n;osauuu pe~Mos so36y)I(JI;eHBR pe3oHaTopa 
JIY-20 6wno 3aMe'leuo, 'ITO U PBP Mo~o npeo.n;oneTI., 
eCnB Ha BXO,ll; ycHnBTens MOI.QHOCTH BMeCTO 3r BKnlO'lBTb 
ei.Qe ~enb .n;ononuuTenbHOii o6pa THoii CBR3H I JJ.OC/. :Snox
cxeMa npe.n;cTasneua ua puc. 2, r.n;e CZ,H - cllopuiDKexTop; 
MOCT cnolKeuus - MOCT cnolKeHHJI MOI.QHOCTeii; YIT - ycBnB
Tenb npe.n;sapHTenbHWii; H - uarpy3Ka 75 OM; noc - CBC
TeMa DOnO~TenbHOB o6paTHOB CBR3Hi ,lJ;OC - CHCTeMa 
,ll;ODOnHBTenbHOB o6paTHOB CBR3H. 

CucTeMa JJ.OC ueo6xo.n;uMa .n;ns npeo.n;oneuuJI yposus 
Up B p . Kor .n;a yposeub Up B p 6y.n;eT npoii.n;eu, auo.n;uoe 
uanpJilKeuue c YIT CHBMaeTCJI H cucTeMa JJ.OC nepecTaeT 
pa6oTaTb. Bxmoqeuue .n;syx cucTeM nono~Tenhuoii o6paT
uoii CBJI3H Ha BXO,ll; YCHnHTeng MOI.QHOCTB RBnReTCR HaB6o
nee npe.n;DO'lTHTenbHbiM. B 3TOM cnyqae OCHOBHaR CBCTeMa 
IIOC MOlKeT COCTOJITb H3 HeCKOnbKBX /3+ 4/ xacxa.n;oB yes· 
neHHJI, 'ITO DOBbiWaeT CTa6BnbHOCTb pa60Tbl YCTaHOBKH. 
CucTeMa ,ll;OC .n;onlKua BKmo'laTb s ce6JI ei.Qe uecxonbKO 
/3+ 6/ xacKa.n;os ycuneuuJI .n;nJI nonyqeuBJI ueo6xo.n;uMoii xpy
TH3Hw cilpouTa uapacTaHHJI Bli-nons s ycxopsroi.QHx 3a3opax 
ua yposue 0,001+ 0,1 UHoM .. 

noc 

PE30Ha'POP flY-tO 

MOC'f 

YCI1AI1TfAb 

3MB'!'. 

I 1CAO>KEHV15f I 1 

LlOC 

Puc. 2. liAoK- cxe..wa eKAJO'leHUJI oeyx cucmeM noAoxumeAh
Hou o6paiiiHOU C8Ji3U Ha 8XOO YCUAUIIIeAJI MOUIHOCIIIU. 
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Ha nY-20 npHMeHeH TpexKaCKa.D.Hhli YII, KOTOphli 
o6ecne'IHBaeT 0,5 KB• Bll ·MOIJ.UIOCTH, ecJIH Ha ero BXO.D. 
no.D.aTb cHrHan c neTnH pe3oHaTopa, pasHwi U BX = 5 B. 
B 3TOM cny11ae cHcTeMa ,D;OC He o6ecne'IHBaeT npeo.D.one
HHJI PBP. YsenH'IeHHe nno~a.D.H neTnH B pe3oHaTope lsxo.D.
Hoi CHrHan ,lJ;OCI .D.O nony'leHHJl BenH'IHHhl CHrHana UBX "' 

•100 B Ia ycTaHOBHBmeMcJI pe)l(HMel no3sonJieT nony'IHTb 
.D.OCTaTO'IHYIO cKopocTL HapacTaHHJI Bll ·HanpJilKeHHJI B yc
KopJIIOIJ.UIX 3a3opax. B 3TOM cnyqae Bll-so36y)I(JI.eHHe pe3o
HaTopa npoHcxo.IJ.HT B o6nacTH ~3 Bli-HanpJilKeHHi f).¢t .. 
.::.180+200°. EcnH lKe cHrHan c neTnH B pe3oHaTope yMeHJ.· 
WHTb Ha 6 oE, TO npeo.D.oneHHe PBP npoHCXO.D.HT YlKe 
B o6nacTH clla3 Bli-HanpJilKeHHi f).¢ 2 - 90°. YMeHLmeHHe 
CHrHana Ha sxo.D.e YII Ha 10 oE He no3BOnJieT so36y.D.HTb 
pe3oHaTop. 

3TH 3KcnepHMeHTW noKa3WBaiOT, 'ITO npeo.D.oneHHe P B P 
npoHCXO.IJ.HT npH onpe.IJ.eneHHOi cKopocTH HapacTaHHJI Bll
nonJI B 3a3opax pe3oHaTopa 141. HaJIH'IHe u;enH o6paTHoi 
CBJI3H o6nerqaeT npoxo)I(JI.eHHe ypoBHJI PBP. IlpH 3TOM 
u;enb o6paTHOi CBJI3H .II.OnlKHa o6ecne'IHTb ~3y BXO.IJ.HOrO 
CHrHana, He06XO.IJ.HMYIO .II.HJI CaMOB036y)I(JI.eHHJl CHCTeMW npH 
paccTpoiKe pe3oHaTopa B MOMeHT pa3BHTHJI PBP .. 

bblllH npOBe.IJ.eHbl HeKOTOpble HCCHe.IJ.OBaHHJl C O.IJ.HOi 
u;enbro ,n;oc, oxsaTwsaro~ei YII H ycHnHTenL MOIJ.UIOCTH 
I ocHOBHaJI u;enb IIOC pa3pwsanac~>l. MaKCHManbHbli ypo
BeHb Bll -HanpJilKeHHJI B pe3oHaTope H MaKCHManLHaJI Kpy
TH3Ha cilpOHTa HapacTaHHJl Bli-HMnynbCa COOTBeTCTBOBanH 
~3aM Bll -HanpJilKeHHi,oTnH'IaiOIJ.UIMCJI Ha /).rp-50°. Ilo3TOMY 
BKniO'IeHHe O.IJ.HOi CHCTeMbl ,lJ;OC .II.HJI nony'leHHJl MaKCHMaHb
Hoi KPYTH3Hbl cilpoHTa HMnynLca, a BTopoi cHcTeMw IIOC -
.II.HJI o6ecne'leHHJl MaKCHMaHbHOi aMnnHTYJI.bl Ha O.D.HOM YCH· 
JIHTene MOIJ.UIOCTH JIBnJieTCJI HaH6onee u;enecoo6pa3HbiM. 

KpoMe Toro, neTnJI cHcTeMw ,n;oc .D.OlllKHa Haxo.IJ.HTbCJI 
B KOHD;e pe30HaTopa, HHa'le ero B036Y.D.HTb He y.D.aeTCJl. 
3To o6ycnosneHo TeM, 'ITO HCKalKeHHe pacnpe.IJ.eneHHJI Bll
nonJI B pe30HaTOpe B MOMeHT HapacTaHHJl COOTBeTCTByeT 
MHHHMYMY nonJI B ero Ha'lane. 

Ha puc. 3 H3o6palKeHw orH6aroiJ.Uie Bll -HanpJilKeHHi, 
CHJITble C neTenb .N!!1,5,9,12,16 lcHH3Y BBepxl, noKa3biBaiO· 
IJ.Uie pacnpe.IJ.eneHHe Bll-nonJI B pe3oHaTope. 3acilHKcHpo:aaH 
cnyqai, COOTBeTCTBYIOIJ.Uii OnTHMaHbHbiM YCHOBHJIM B03-
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Puc. 3. Ozu6a10111Ue BY- Hanp.RxeHuil, cHUMaeMr.lx c neme11r. 
j{g1.,5,9,12,16 /cHu3y eeepx/, npu BKAIO'leHuu oeyx cucmeM 
o6pa111HOU C6.R3U /YCII06U.R He OniiiUMQIIbHble/. 

6ylK.IJ.eHHJl pe30HaTopa. IlOJIBlleHHe MO.IJ.bl TMott COOTBeT· 
cTsyeT MOMeHTY HapacTaHHJI Bll-nonJI c ypoBHJI Upsp
-0,1 UHoM I Upsp-0,1UHoM H3MepJieTcJI B KOHu;e pe3oHaTopa/. 

Ha nY-20 u;enb IIOC COCTOHT H3 .D.BYX neTenb H MOCTa 
CllOlKeHHJl, a CyMMapHWi CHrHan nO.IJ.aeTCJl Ha BXO.II. YCHnH· 
TenJI MO~HOCTH 15 •61 . BKniO'IeHHe .D.BYX neTellb H MOCTa 
cnolKeHHJI B u;enb IIOC o6ecne'IHBaeT 3aii.UITY no swcoKoi 
qacToTe npH npo6oJix B pe3oHaTope H no3sonJieT 6onee yc
TOi'IHBO B036Y.IJ.HTb pe30HaTOp Ha 'laCTOTe OCHOBHOrO Kone-
6aHHJl TMoto· TaK, ecnH npo6oi Bll-nonJI B pe3oHaTope 
npOH30i.IJ.eT B O.IJ.HOM KOHD;e pe30HaTOpa, a B .IJ.pyrOM yc
TaHOBHeHa O.D.Ha neT nJI IIOC, To B q- CHCTeMa npo.D.OlllKaeT 
reHepHposaTb Bli-Kone6aHHJI. ITo u;enH IIOC Ha sxo,D; ycH
JIHTenJI MOIJ.UIOCTH npo,D;olllKaeT nocTynaTb Bll-cHrHan, xoTJI 
'laCTOTa pe30HaTOpa BO BpeMJI npo60JI H3MeHJieTCJl. IlpH 
,D;Byx neTnJix, pacnonolKeHHbiX B pa3HbiX KOHu;ax pe3oHaTopa, 
H MOCTe cnolKeHHJI MOIJ.UIOCTei B u;enH IIOC so speMJI npo-
60JI B nro60M KOHD;e pe30HaTOpa Ha BXO,D;e YCHnHTenJI Bli
MO~HOCTb yMeHLmaeTCJI B 'leTwpe pa3a. TeM caMwM 
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o6ecneqaBaeTCR 3auuna no BLicoxoi qacToTe npu npo6oJix 
B pe 30Ba TOpe. liLICTpO.l(eBCTBBe 3aUUITLI onpe,l(enJieTCJI Bpe
MeBeM npoxo:>K,ZJ;eBBJI Bq-curuana no ~enJIMo6paTBOBCBJI3B, 
xacxa,l(aM B clla.l(epy Me:>K,ZJ;y reuepaTopoM B pe3oHaTopoM, 
~JI JIY- 20 :no BpeMJI t .. 0,4 MKC. 

qaCTOTLI MO.l( TM Oln B "~BHBLix" pe3oHaTopax/Lpe3 > 
> 7 + 10 ,\I 6nu3I<o pacnono)KeHLI x ocHOBHOMY xone6aHBIO, 
MoryT Haxo.l(BThCJI B nonoce nponycxaHBJI ycunBTenJI, on
pe.l(enJIIOTCJI no cllopMyne: 

n2 + 1 
f Oln = f010 V (..!:£_ )2 

4yg· ,\ 

r,l(e n = 1,2 ,3 - HOMep MO~LI, y - I<03«<lcciB~BeHT, Lp- ~nHHa 

pe3oHaTopa, r010 - qacToTa Lo~LI TM010
171 . CucTeMa 

ITOC, COCTOJI~aJI B3 .l(BYX neTenh B MOCTa CnO)KeHBJI, no-
3BOnJieT nyTeM BLI6opa MecTonono)KeHBJI neTen& B pe3o
HaTope ~06BThCJI OTCYTCTBBJI CBJI3B Ha qaCTOTaX MO~ TMOln . 

KpoMe 3aUUITLI no Bq Ha JIY- 20 npBMeHeHa 3a~BTa no 
aHO~HOMY HanpJI)KeHBIO npB npo60JIX B pe30HaTOpe. )];Be 
neTnB ycTaHOBneHLI OI<OnO TOp~eBLIX CTeHOI< pe30HaTopa, 
paBHLie CBrHanLI C I<OTOpLIX nOCTynaiOT Ha MOCT CnO)KeHBJI. 
<l>a3LI Bq -HanpJI)KeHBi no~6upa10TCJI Tai<BMB, qTo6LI Ha 
BLIXO~ax MOCTa 6Lina CYMMa B pa3HOCTh MOo_.HOCTeB CBrHa
nOB. ITpu paBeHCTBa curHanoB c neTenh Ha BLixo~e pa3Ho
CTB 6y~eM BMeTh UBblX -. 0. ITpu npo6oe Bq- HanpJI)KeHBJI 
B pe3oHaTope Ha o6oux BLixo~ax MOCTa noJIBnJiffiTCJI cur
HanLI, npaqeM MO~HOCTh I<a)K~OrO paBHa nonOBBHe MO~
HOCTB OCTaBWerOCJI. 

,lJ;eTei<THpOBaHHLIB CBrHan no~aeTCJI B ~en& 3anupaHHJI 
Mo~ynJITopa aHo~Horo HanpJI)KeHHJI. Ha puc. 4 npe~cTaBne
Ha OrH6a10o_.aJI B q-HanpJI)KeHHJI pa3HOCTH CBrHanoB C MOCTa 
npH npo6oe B pe3oHaTope. HanpJI)KeHHe pa3HOCTH cHrHanoa 
C MOCTa CnO)KeHHJI n03BOnJieT Ha6nffi~aTh npo~eCCLI, npo
HCXO~JI~He B pe30HaTOpe BO BpeMJI HapaCTaHHJI Bq·HM· 
nyn&ca, a Tai<)Ke cne~HTh 3a H3MeHeHHeM HaxnoHa Bq -nonJI 
B pe3oHaTope. 

ITpu ycxopeHHH nyqxa JI~ep nerxux 3neMeHTOB Heo6-
xo~HMaJI noTpe6nBeMaJI Bq-MO~HOCTh pe3oHaTopa cocTaa-

8 

Puc. 4. Ozu6a10Jqa.11 pa3Hocmu B"C/- HanpRJICeHuii, CHUMaeMbJX 
~ Mocma ~/lOJICeHu_JI eo ?peMJI np~6o.11 e pe3oHamope. t pa38 = 
-10MKC, upacm SB, unpo60R SOB. 

hJieT ... 2,6 MBm ~o6poTHOCTh pe3oHaTopa JIY-20 paBHa 
/35+40/· 103) , npH YCI<OpeHHH nyqxa npOTOHOB ( npH TOKe 
50 MA)- 4,5+ 5,0 MBm. Ha JIY- 20 pa6oTaiOT ~Ba Bq
reHepaTopa, I<a)K~Lii no 3 MBm: o~HH BI<nffiqeH Ha pe3oHa
Top, BTOpOB JIBnJieTCJI pe3epBHLIM. ,lJ;nJI YCI<OpeHBJI npOTOHOB 
npoBe~eHo cno)KeHHe Bq-MO~HOCTei ~ayx reHepaTopoB no 
cxeMe, npe~cTaaneHHoi Ha puc. 5, r~e o6o3HaqeHHJI Te )Ke, 
qTO Ha puc. 2; I<pOMe TOro: <I>B - clla30Bpa~aTenh, MOCT 
~eneHHJI - MOCT ~eneHHJI MOUUIOCTei. Cno)KeHue Bq-Mo~
HOCTei B pe3oHaTope no Taxoi cxeMe _no3Bonuno nonyqaTh 
B pe3oHaTope 5 MBm B o6ecneqBTh 3aUUITY no Bq npu npo-
6oJix B HeM. ITpu ycxopeHBB JI.~ep nerxux 3neMeBTOB o~BB 
reHepaTop pa6oTaeT Ha pe3oHaTop; BTopoi Bq-BBO~ pa3-
6upaeTcJI, a OTBepCTBe Bai<yyMHOB ~BacllparMLI 3I<paHBpy
eTCJI 3arnywxoi. 

9 



P u o 11 '* 1' o P A Y- i.O 

Puc. 5. liAOK- cxeMa 6KAIO'IeHUJI oeyx YCUAUI/IeAeil MOUIHO
CIIIU Ha pe30HQ1110P JIY-20. 

B HacToJm~ee speMJI JIY- 20 o6ecne'IHBaeT nonyqeHHe 

TOKa ny'IKa npoTOHOB 50 MA, ,IJ;e:iiTpOHOB 12 MA, a -qacTH:U 

1 MA, yrnepo.D;a 0,1 MA. ,L(JIHTeJibHOCTb HMnynJ.ca TOKa 

'laCTH:U COCTaBJIJieT 600 MKC. 

3AKJIIOrJEHHE 

1. Bq-so36y)K)J;eHHe O.D;Hope3oHaTOPHLIX JIY npe.D;noq

THTeJIJ.Hee npoBO.D;HTb no cxeMe c IIOC qepe3 pe3oHaTop, 

HCnOJib3YJI He60JibWOe /274/ 'IHCJIO KaCKa,IJ;OB YCHJieHHJI 

MOI:u;HOCTH. ,L(JIJI npeo,IJ;oJieHHJI P BP MO:>KHO .D;OnoJIHHTeJibHO 

BKJllO'IHTb HeCKOJibKO KaCKa,IJ;OB YCHJieHHJI H :u;enb ,L(QC, 

o6ecne'IHBaiOI:u;He onpe.D;eneHHYIO CKopocTb HapacTaHHJI Bq

HanpJI:>KeHHJI B 3a3opax JIY. 

2. IlpH pa3BHTHH PBP /B ocHOBHOM B nepBbiX ycKopgro

I:u;HX 3a3opax/ 'laCTOTa pe30HaTopa nOBbiWaeTCJI. 3TO Ha

KJia,IJ;biBaeT Ha :u;enb ,L(OC Tpe6osaHHe o6ecne'leHHJI 4>a,3LI 
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Bq- HanpJI:>KeHHJI Ha BXO,IJ;e YCHJIHTeJIJI, COOTBeTCTBYIOI:u;eii: 

CaMOB036y:>K,IJ;eHHIO CHCTeMbl. IleTJIJI CHCTeMbl ,L(QC .D;OJI:>KHa 

pacnonaraTbCJI B KOH:u;e pe3oHaTopa. 

3. B ".D;JIHHHbiX" pe3oHaTopax (L > 7 7 10,\) qacTOTbl 

BbiCWHX MO.D; TM Oln MOryT OKa3aTbCJI B noJIOCe npo

nycKaHHJI YCHJIHTeJIJI MOI:u;HOCTH, n03TOMY He06XO.D;HMO npH

MeHJITb Mepbl no no,IJ;aBJieHHIO 3THX KOJie6aHHH. 0.D;HHM H3 

TaKHX CnOC060B JIBJIJieTCJI HCnOJib30BaHHe .D;BYX neTeJib 

H MOCTa cno:>KeHHJI B :u;enH IIOC. 3Ta cxeMa TaK:>Ke no3Bo

JIJieT o6ecne'IHTb 3ai:u;HTY no Bq npH npo6oJix B pe3oHaTope. 
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