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MHOrOJIJqEBO~ YCROPH'l.'FJIb IIPOTOHOB: IIpenpBHT wr~ 22-96/ 
B. C.ApTeMoB, H.H.BRfBOrpa,ncRBi, B.JI.raHemm B ,IJ.p. - M., 1996 - 200." 

B padoTe paccMOTpeBY nepcneKTRBY H IJYTH pa3BJITU 

MHOronytJeBIlIX yCKopBTenel 3apsmHBHX qaCTBD.. IIpJIBe,lleHo OIIJIcaHHe 

3KCnepBMeHTaJlbHOA yCKopBTeJIhRoA YCTaHOBKJI, ODJICaBH KOHCTPYKlUUI II 

MeTOJUll(a aaCTpolKH pe30BaTOpa H 8YCOKOlIaCTOTHOA CIICTeMH. J[aBa 

NeTOlUIka TpeBHpoBltH C'rPYKTYPH B yCJIOnD JqJIhTRDaKTOPBOro 

a~KTa. npHBeleHO ODBca.BBe IIBDJCIUlOHBOA CHCTe.... H peaYJIhTaTY ee 

aBTOBOIllBHX Jlcmrramd. PaCcMOTpeBBH TaIeae pe3YJIhTam, nonyqeBHYe 

IIp. yCKopemm 19 nyqxoB npoTOHOB ,1l0 SHepI'llll 530 DB C 

HCnOJIb30BaHJleN KOPOTKotoXYCHOI H lJDIBBotoXYCBOI HOBRol OIlTRKJl. 

Pzc. - ?, cnZCOK ~T. - 3 HSZM. 



BBE4EJH;
 

B mlBelH1iX peaOBUCHYX ycxopJrlTensx npe,neJIbHYA TOX, XaK 
H3BecTHO, [ 1] 3UHCUT OT pa.na napaueTpOB, TaKlIX Ka.K 3HeprHs 

RUeKlUlB, JUlaMeTP anePTYPY, Jlmma nepHo,na «X>KyCBpOBICB, pado'lag 
'laCTOTa. 

(1) 

B 3TOM BHpU'.eBHH j 0 - XapaKTepHCTlI'IeCxoe 3Ha'ieHRe ltByuepBol 
4}aaoBol nnOTROCTH nyqKa, BlipamBHoe B A/cM. MPall H pURoe 

(2)j o = 

r,ne 1 = 1 - JIopeHU-taJcTOp, 1 

• IT7"'
0 

• 
JlJUI npoTOHOB lop =3, 13 10' A. 

VI - npOUYCKHaR cnocodHOCTh KaHana 
2 u aV-1J1- (3) 

)I: - • • 1 ' 
rJle a - paJUlYC anePTYPH KaHana. 

flepeuoeK 4JopuyJIY (1) B cneJlYDleM BBJle [2]: 

(4) 

B CBaaB C TeM, tlTO nY'!oK crpymIHpOBaH B crycTKH, MalCCHMaJlbHO 

B03Moaoe 3Sa'leBBe Toxa ecTh 

(9) 

tp 
rae B :: 1,4 + -X03~HeHT rpynnHpoBKH DY'lKa. 
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ECnH BHCSpaTb uanpHasuBe HHaeKnHH nopaAKa 70 KB, TO 

DOJIY'laeTCa, 'ITO .I11IH yCKOpeRBH IJPOTOHOB Ha 'IaCTOTe 148,5 Mru. B 

yCKOpaDIIleA cTpYJe:TYJ)e C Alnl pacCTOSlHHH Meu.y TPydKaMB ApeAta B 

UatlaJIbHo:l lIaOTH yCKOpBTenH COCTaBnaDT OKono 8 MM. npH TaKHX 

DapaMeTpax yOKopHTenH 3Ha'leHHe UaKCHllaJIbHoro TOxa, DOJ!Y'leHHoe DO 

topuyne (5), He npeBywaeT 50 MA. llnSl DOBhDDeHHH MaJ(CHMa1IhHOro TOKa 

BeoCSXOJUD(O YBelIH'DlBaTh JlHaM8Tp anepTypY, OJ1HaKO npB 3TOM 

seodXOJUDlO YBeJDIQlmaTb ]I paOCTOj[HJIJI uez,ny TpyCSKaMH JlpeA«)a, 'lTOCSlll 

B3deUTb unpoBBCaHHSI" nonel. YBemNeHHe paccTosmHl MeZAY TPyCSKaMH 

Ape:l(a :a Ha'laJIbHOI qaCTH ~YeT y:aemNeHJrfH 3HepI"JrfH HH&eXIJ.BB , 

nplNeM paCCTOmDIe npmro DponOpI1HOHan&HO KOpHD KBaJlpaTBOMy Jrf3 

BanpH&eUSI HHZ9KlUtH. C JrfIlmUepHotl TO'DCJrf 3peHWt Hanpueoe 

RHmKllHH orpaHRtleuo aneKTpIN90KoA: DpO'IHOCTblJ yCKOpHTeJIDBOA 

TpyCSKB, ODOpHh1X H30naTopo:a, pa3JlemITe1IbHOrO TPaBC~pYaTopa, a 

TaKas DOJIBneUeu KOpOHY ua Boo,nyxe. 

ECTeCTBeHHYN ODooodou DOBllID1eBBS BhlXOJlHoro TOKa yCKopHTenH 

Uo:mo C'lHTaTb YBeJIHtleRHe 'DIcna yOKOpRImJ,HX KaBanOB. B CaNOY .Ilene, 

OOJIH pacnonODTb KallanJi B TPyCSKax Jlpel~ JlOCTaTO\IHO JlaneKO JlPyr 

OT JlPyra, qorodY ocnaCSHTb B3aHNHOe BmtaHJle DY'lKOB, MODO 

3HatIHTe1IbH0 DOBYCHTb TOK yCKOpHTens.· IIpeDRTCTBHeM sa STOM JIYTH 
en1IDTCS UepaBHOMepHOCTb BlI Donel DO paJUlYcy TpydoK ..petta II 

HepaBHouepUOCTb napaMeTPOB nyqxa, nOCTYlla.Dlllero 113 BB&eKIUIOBHOI 

CBCreyy no pa.uBycy nyqxa. fiepBaa DpoCSneua He SB1ISIeTCH 

npHHIUUIHaJIbHO Hepa3pewool, nOCK01IbKY .11M nonyqeBRs npoJlO1IbHOro 

ell DonH, nOCTOSBBoro DO pa,IlHycy, MODO HCD0nh30DaTb TpyCSu Jlpel(a 

~OCTaTO'UlO doJIhmoro ,ltHaueTpa, npHtleU paCCTOOlle OT KpaARel 

anePTYPIi .nO JCPU TpyCSKB .npe:l(a Jloneo dlll'b He MeBee JlJlHHli 

COOTBeTCTBYJ)I.ero 3a30pa. YBeJDIQeRH9 JlBa.ueTpa TPydox Jlpelta 

npllBOJlHT K BOOpaCTaHBD eMKOCTB YCKopJlDlllel eTPYKTypY II, 

cneJlODaTeJIbHO, K yYeHbWeHHD ee WYHTOBoro conpOTOneHRS, 'ITO 

T])edyeT 1DIWb JlOn01IHJlTe1IhH01l all MOIILHOCTH, H TO sa HaqaJlhBOM 3Tane 

yexOpeHHS, T. e. Ha HeOoJIbWOU YlIaCTKe yCKopHTens. JIanee KaHanY 

MOryT CSYTh oCSt:eJlHHeHIi B OJUfH H yCKopelDle MOZeT DpOJlOnDTbCSI 

TpalHUHOHHYM oCSPa30M. 

BTopag npoCSneMa enHeTCa OCHOBROI DpH C03JlaHHH MHOronyqeBhlX 
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yCKOpSIDIIUIX CHCTeM. CYDleCTBYDT CneUHaHhHlale npHeMW nn$( nOJIYlleHH$I 

WRpOKHX napanne1lhHHX DytDCOB, TaKHe KaK yCTaHOBKa llH3neKTpll1.leCKOrO 

maplIKa HaDpoTHB 3.MIICCHOBHOro OTBepCTIUI B 3KCDaHJlepe, (fJopMllpOBaBII9 

CneUHaJThHOI rpaHH1l1aI Una3M1i B yCKOpSIDlI,eU 3a30pe II lip. H3BeCTHo 

TaKe [3l, 'ITO 9CnH paBHOMepJUd DO paJUlycy nyqoK C TOKOY I 
pa3dHTb Ha n U)"IKOB C TOKaYK I/h KaQSl, TO npH TOM ae odmeY TOKe 

taaOBaJI nnOTSOCTh Kaznoro D~ yueBYIHTCS B Tn' paa, lITO 

DOOBOnSeT Donyqan donee Ka'l9CTBeRllHe D)"UCH C MeHhmeA 
paCXO,JUDIOCThD. 

OIlHCAHME 9KCIIEPMMEHTAJIbHOH YCTAHOBKH 

.lt1Is 8KCDepJD(eHTaJIbB08 npoBepKR II myqeBBs IIpllBe.ueSBJIIX BllDDe 

nonOZ9DI dWla C03JlaHa 8KcnepHMeHTaJIhBasJ yCKOpHTeJlbHaJI YCTaBOBKa. 

CxeMa yCTaHOBKR nOKaaaua sa pliC. 1. YCTaHOBKa CO.llepUT HHZ9KTOP 

(1), pe30HaTop(2), cHCTeNY Bq DHTaHIIS, BaxyyuHyD cHCTeNY, cHcTeuy 

BadJIDneBBS 3a nywoY II TeXBOnOrJlll9CKHe CBCTeMlal - YBC, oxnazneBH$I 

II np. 

HBmKTop npeJlcTaBJIJteT codol: yCKOpBTeJIh npJDroro .IlelCTBHs C 

3Hepnrel HsaeKIUIH JlO 70 KB, OH cOAepDT BCTO\IHHK 

nyonnaaMaTpOHHoro THDa. OnTRKa oJlH03aaOpHaa, BhlTjfJ'JlBaI)IIUII 

aneKTpoll HaKOpOTKO COe.lBBeH C aHOJlOY HCTO\IHJIKa. BaKyyMHllII odleM 

BHZeKTopa OTJlemreTCS OT pe3oHaTopa 3anopoY H Bl@eT codcTBeilsYD 

MeTpHKY lUIS npoBelleHIIR aBTOBOMmiIX padOT sa HB&eKTope C lleJIDl) 

nOJIY\leBHJI DyqKa C 3ajlaHBYIOI napaMeTPaMB• 

.CRCTella Bq .DHTaHH$( COCTOHT R3 IIMIIyHhCHOro MonynJITOpa (3), 

Ileno~. KaCK8JlOB Be3aBHCBKOrO BOOdYQeJUls (4) R 3allaDlllerO 

r9BepaTopa(S}•. TpH nOCne,IUIBe KaCKaAa CodpaBH· Ha nalme fH-27-AM DO 

cxeye C odm,el CeTKol. MonynJlTOp BYIIOnBeB no KJIaCClN9CK08 oxeYe C 

,nBolHo:l oHHel, B Ka1.lecne pa3pSJlHJIKa HCn01IlJ3yeTcs BO.ll0POJlBYl 

TBpaTpoH TfHl-50/5000. mTeJIhHOCTb HYDyHhCa MonyJI$JTOpa OKOno 100 
MlCC, cOIIpoTJlBneue HarpY3K11 100 OM, mmYJThCHaJI MOIIlROCTb 

MOAYJrSlTopa AO 16 MBT. 
BaKyYMBCUI CHCTeMa cOAepuT 4K>PBaKYYMBId Hacoc ( 6), JlBa 

TypdoMOneKynspBYX Hacoca (7), TIlH MarBHTopaap$lJlHYX Hacoca (8) H 

BaJCYYMHbGl 3anop (g}, pa3.1len$ll)m,HA HH~eKUHoHHYD H yCKopHTenbHYD 
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'QaCTB, 'ITO n03BOnSeT aBTOROMHO BeCTH padoTY Ra yCTaHOBKe. 

CHCTeYhl Y5C, oxnaQeHKJI, sneKTPOIIHTaHBSf H Jlp. SfBnJmTCSf 

TeXHOnOrH'QecKBNlI B 06ecne'IIIBaI)T npoBe.neHHe padoT Ha YCTaHOBKe B 
3aJlaHHOM peDUe. 

Pe30BaTOp {CM. pllC. 2} BKJIJ)'QaeT B ceds CoOcTBeHHO YCKOP~ 

CTJlYKTYPy (1), rpymmpoBaTeJJI2 (2) II Cornacym.JlA KaHan (3). CTpYKTYPa 
COJlepmrr 'IeTYpe 'QeTBepThBOJIBOBYX BJldpaTopa, BYIIOJDIeHBhlX B BQe 

HOOaMKHYTHX Koneu C JlepUTeneM • TpydKol Jlpeata, pacnonoIeHHol B 
ueHTpe DOnyKoHhua. CBodo~ KOHUOM BudpaTop xpenRTcs K ooBOBaHHD 

CTPYKTypY. MarHBTHd DOTOK OXBanmaeT Bce 'IeTYpe BHdpaTopa, TaKBM 

odpa30M odpa3yeorcJI e~aa Pe30BaBCHaSf CHCT9ua. J1nSl nOJlaBnenSf 
napa3HTHhIX ItnpoTHB0ta3H1l1X" 'IaCTOT cHH4)a3BllIe TO'IKH BHdpaTopoB 

coeJlHHeBJal Me,1lHYNJl nepeMJitlKaJOl, 'ITO ynpo~eT BacTpolKy CTYKTYPIlI. 

HaCTPQAKa npoBOJDInach cneJIYDIILHM odpa30M. CHa'lana B KaDol TpydKe 
Jlpelta OIiJIO CJlenaHO OJlHO lleHTpaJIbHOe OTBepcTHe, qepes KOTOpoe B 

npouecce HacTpoIKH npOXOJUln map.K. lt3uepeHHe nonel npOBOJUlnOCh 
IOIaccn8C1CIDI MeTOJlOM Ma.JlHX B03MYJ11,eBd. Bhlxo,tlBYM CHrBaJIOM BBnanaC}) 

taaOBa.Jt pacCTpolKa pe3oHaTOpa, nOnY'leHHasr C (laaOMeTpa tI<2-12, 
DPODOpUJlOHa1IhHaJI KBaJlpaTY Donel B cTpYKType. 1JJuI nonyqeHHs Donel 

3ajtaHHoi BeJIBlUUlht KOBUH JlepaaTenel JlBHraJIHCh no K01JhUeBoyY 

BRdpaTopy BOKpyr lleHTpa OTBepcTHJ[ TpydKB JlpeAta. Docne 

nOnY'leHu 3aJtaBHYX nonel cTpYKTYPa BaC'l'paJlBaJIaCh aa padoqyJ) 
'IaCTOTY YAJIHHHeBBell cBodoJUloro KOHD,a BRdpaTopa. Doone 
OKOBtlaTeJIbBOI HacTPolKH B TPydKaX ltpelta caepmuDlch OCTanhHHe 18 
aDepTyp BO Bcel CTpYJCTYP8 B cdope. B 3a30pY BCTaBnSIJDICh 
npoKJJaJtKJI, cJIyDBDlBe onopaMII npR CBepneHBH. no Mape cBepneHHSl 
TpydKJI ,Apetc)a CHJDIaJII[Ch BMeCTe C JlepaaTe1ISOOl B BRdpaTOpaMB. Ilocne 
Jl3rOTOBneHHS BCex TpydOK cdopKa upOH3BOJDInach B odpaTBOM nopSJlKe. 
npH'IeM TOtDIOCTh cdopo 0, 1 101 06ecne'lHBaJlaCh YCTaBOBKOI 

BudpaTopoB Ha ooHOBaRUe C DOMOII,hI) UlTHtrOB. Doone CdopltB cTPYKTYPY 

npoB01lBmlCh nOBTOpmte l13uepeos Donel II paJlJlOTeXJUl'lecKBX 

napaMeTpoB. Be1IlltDIBa JlOdPQTBOCTH OKa3anaCh 1200. pe30HaHCBaS 
'QaCTOTa 148,42 MI'u, Bq MOl,HooTh, Reodxo,lUlMasr J)lSI C03AaBIIS 

pac'QeTBYX nOneljOKOnO 2SO KBT. PaC'IeTBhle 3Ba'leBJIS Donel npRBe~eBH 

B Tadmme 1, sKcnepOeBTa1IhHO D0nY'leHHye KBaJlpaTlll Donel - sa 
pHc.3. 
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TaCS1IHu.a 1. 
=======:========================================================= 
N none B 3a30pe, lImma 3a30pa 1 

KB/cu tiN 

================================================================= 
1 3.00 5.00 6.70 
2 3.40 4.40 223.00 
3 50.00 7.70 15.00 
4 58.00 6.60 7.70
 
5 100.00 7.90 17.50
 
6 101. 30 7.80 13.30
 
7 150.00 9.00 24.40
 
8 159.10 8.50 22.90
 
9 190.00 12.00 32.90
 

10 190.00 12.00 4.00 
=======================================================:========= 

117Isr YB8JIH'IeHHS yCKopeHHoro TOKa nepa,n YCKopJll>lI,eA cTPYKTypoA 
YCTaHOB1I8H rpYJIIIHpoBaTeJllJ. OH npe,nCTa.BlIJl8T codot JlByx3a30pHId 

pe30uaTop C Btl Banp8zeHHeu Ha TpyCSKe JlpeA(Ia OKono 1,5 KB. 

Bo3dyz.n.eHH8 rpynuupoBaTenJi aBTOHOMHOO, no oT,neJIbHouy KaOeJIl), tlTO 

D03BOnSeT H3MeHJITb BeJDNHHy U ~y Btl HanpSZeHUJI B npoll,ecce 

HaCTpoIKH. 

Mez.ay rpynnHPQBaTelIeU II CTPYKTypoA B npoCTJ>aHCTBe npeata 
pa3uellleH cornacymlllBA KaHaJI, KOTopYA npe,noTBpa.m.aeT nonepe'IHoe 
pacceJIHlle nyqKa II odecneqaBaeT TpeCSyeyye napaMeTpH qaCTHU Ha 

BXOlle B CTpYRTYPY. CornacymUUUt KaHan npe,nCTaBJUleT codal HaCSop 
OJUlonOTeHlJ,BaJI&HYX JIHH3, T. e. qepe.nYOllUlecJl no llmme 3a3eNJIeHHHe II 

nOTeHlUfaJIhHlie nnaCTHHH. PactleTHoe 3HatleHBe HanpSZeHllJl 1IHB3 

cornac~ro KaBaJIa-7 KB. 

IlJrs H3UepeHHJI napaueTpOB nyqKa Ha YCTaHOBKe npenycMOTPeHa 
one.llynm,aJI IleTpHKa (pRO. 2) . Ha BIiXOne R3 HHX9KTopa YCTaHOBJIeH 

HHnyKU,HOHHIlII ,naT'UIK {4}J R3UepJIDIIlHI nonBJd TOR HHa8KTOpa.. SaTeu Ha 

nYTH lI)"IKa B H3UepHT91I1:aHOI KaMepe (5) yCTaBOBneHY llBe nO,llBRmHe 
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DnaCTJlHlll (6) co .ensom II WlmlHApoM tapa,ll8S, nOOBonHDll,lle npOBOJUlTb 
a_peas 3101"M'aHCa II}"UCa. Ha Bxo,n.e B cTPYKTYPY yCTaHOBneH Ut 7 C 

OTB8pcTJ1801, paCnOnOa9H!IJlDOI no 00& aneporyp CTpYJCTYPIaI II 
SBJI....JIMIIOR KOnJIDfaTOpaKJI .AM uyqKa. &rOT ut B3MepSeT n01IBllll TOX 
aa BIAeTOM 19 II)"IKOB, DoeTYnUUX sa BXO,tl ycxopSlm,el CTPYKTYPIaI R 
seoc:sxoJUD( 1I)UI KOHTPOnR CTadlUJhBOCTII paCSOTw JlBmKTOpa &npouecce 
BCCneJloBaBJd. 1111$1 TO'lBoro Jl3ll9peBJIS BXO,llHlalX TOKOB KaQ.oro JI3 19 
JeaBa»OB nepe,tl peaOBaTOpoM YCTaBoBneH DO,tlBDBOI dnolC (8) 113 19 Ut. 
KaaJud lIt JDIeeT JlJIaMe'I'p 7 10( II YCTaBOBJIeB sa OCR cBoero DyqJCa. 
BJlOK Ut 1IM99T BaKYYJIIHId upOO,tl, ICOToplall DOOBOnReT CTaBII'n ero sa 
JJYTII Dy'IICa R ydllpaTb ero B npouecce pado'.rlal de3 sapyweJUUl pado'lero 
:aaxyyKa. Jlu Jl3MepeBJUt TOKa 'ycKopeHHoro D}"IKa sa BIlIXO,tle 
ycltoplIT8J1a YCTaHOBneHhl 19 Ut9 , IIPlI'IeM 7 ueBTJ)aJIbBIaIX 1DIeM' B 
ueBTpe OTBepcTU, ICOTOpwe DPOUYCKaJJT DonoBBHy nyqxa. Sa HJDOI 

YCTaBOBJIeBa toJIbra (10)TOnJlJlROI 3 UICK, pacc'lJlTaHHaJI sa 3Bepnm 500 
DB. Sa 4K>JIbrol pacDonoaem 7 Ut 11, D03BOnsmue l13M8pS'l'b 

)'cxopeBJUd TOK JtaQoro JI3 7 xaBaJIOB. 

PESYJlhTATbi ~NEPEHHPI 

PadoTa sa ycTaBoBKe Ba'laJlaCb C DOny'lesBa xopomero ny'IKa. 

OcaoBIUDI DapaMeTpoK SBIDIeTCa 9KRTTaHC II}"IKa, KOTOpd ,tl01lDS dYTIJ 
1OIIIJDIa.1IbJI. KpoccOBep D)"UCa JlOJIma a8XO,1Ul'l'hC$l npHdJDl3I1TeJIhHO B 

30R8 rpymmpoBaTeml. IDa n01J)"le1lJljf D)"DCa C TaKJDOI DapaMeTpaMII 

nOACSllpaD'1'Cs peDMlal padO'nl BCTO'IBJIXa, TaxJ18 1C8K BanpJlUUe 

IIOA)'JJJI"I'Opa 1l.Yf'i, TOIC ManUl'ra, JlaBJreBBe rCl3a B pado'lel KaMepe. B 
npou.ecce aaCTPOIJcB KOBTPOJDlPYeTCa odIIJ,d TOIC B 9M11'1'TaBC ny'llCa. 
IIonOmBJI8 ICpoccoaepa peryJIRPYeTCJI Dono.aeBReM aellJlJIBol CeTkJI, 

1C000paJI oCSpaaYeT yCKOpSlHlJd 3a30P, AJIHHa ltOTOPOro IISMeRaereS 

Cll8pJD qepa BaKY)'MIIId lJPlIBOJl B npouecc8 padoT. 
Padcmr C ycxopJIIJUI CTPYJCTYPOI Ra'lBllam'CJt C TJ)9I1BpOBICB ee 

3JleJtTPll'l8C1t01 npo1Dl0CTJl. no .lOCTJlDRIIB pado'l8ro :aaxyyKa nopsr.ua 
0,5 • 10"' Topp. BJCJJI)1I8.eTCS CBCT8118 Bli JIJlTaBU. TpeBJlPOBXa 
UPOBOJlJITCS B peaue paaOBIlIX mmynbCoB C tlaCTOTOI CneJlOBaHIUI 
0,2 ru,. IlpodoB KOBTpOJIHP)'I)TCJt no eJIoPMe orJIdam.el Btl 113 
peBOBaTOpa, no yxymueRBI) BaJ<YYK3, DO 4K>PMe DaJlam.e1 B crrpamRRol 
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Bom B Btl tR,uepax, a Taxae BH3yaJIbHO qepea CYoTpoBoA tnaaeu. B 
npouecce TpeHHpoBKH npodoR HaOJmAanHCh B yCKOpsmlll,HX 3a30pax, 

TaK&e HadnDAaJIHCb HCKpeHHS B MecTax KOHTaKTOB y OCHOBaHHS cepnoB, 

ocodeHHo B Tex MacTaX, r.ne MeJlHeHHe CTaJlbHliX AeTaJIel 6WIO 

HapymeHo. 11nSl YCTpaHeHHs npodoeB H HCKpeD:A npZXOJUlnoCb 

BCKpliBaT!:ICS H 3anomJPOBhlBaTb HeBcnpaBHYe MecTa. nocne 

MeXaBH'IecKoro yCTpaaeHU .ne4leKTa TpeHHpOBKa npo.aonaanaCb, noxa 

YPOBeHb Btl B CTPYKType Be ,ltOCTHr paClieTHoro ypoBua. HopuaJlhHW 

c'UlTanos npouecc rrpeBJlPOBKIrI, npH KOTOpoy npOdOH HadJm,uamtcb B 

paanJI'ImIX 38.30pax CTPYKTypY H qepe,nOBaJIHCh C HOpMaJIDHHMH 

mmylIbCaMH de3 npodoeB.a npouecce TPeHHpOBKH aaoJIl),uanca 

MYnbTHDaKTOpHhII a~KT , KOTOphil 3aKJI1)\Ia1ICS B cne.nyDlIleM. Ha 
ypoBHaX Btl MOIIl,BOCTH .no 0,3-0,4 OT HOMHHaJIhHOrO ali B CTpYKTYPY He 

BBOllHnaCh BoodDJ,e, a npH donee BJiCOXOM aRO,tJJIOl.( HanpS&eHIUI 

nOSBnanaCb CKatIKOM, H Cpa3y as HaOJm,nancs npodoA. llpeOAOneTb STy 

Tpy,llBOC'Th y,nanoc!:l ynyqweUHeM BaxyyYa H HedOJIbIllHMH H3MeHeHHJD6f 

qaCTOThl B npe.aenax nonOCY pe30HaTopa. B peaYJlbTaTe TpeHHpOBKH 

YJlaJIOCb BYATH Ha fB8peHHyD pa60TY CTPYKTyphl sa ypoBHe 

HanpoeHHOC'I'JI DOJIR 200 KB/CM, npu MaKCHMaJIbBoA HanpsaeHHOCTH nomr 

B nOcne,lUUlX 3a30pax 190 KB/CM.< lb-~a JqJIbTBIIaKTOpHOro a«xleKTa 

B03BHKJDI npodneMhl c rpynDBpoBaTeneM, KOTOpYl Ha'IHBaJ! B03dYQaThCSl 

C yPOBHS, B H9CXOJIDKO pa3 BhDlIe HOMHHanbHOro. 11nSf no,uaBneHllR 

UYJIhTHDaKTOpa B rpYJUIHpoBaTene npnJIOCb B 8 - 10 paa YMe~bUIHTb 

ero llodpoTHOCTb.. Tor.na TOJllJKO sneKTpoHHasI aarp)'3Ka He' CTana 

3aNeTSa sa «toRe nOTepb B Me.nH H MYJIhTHDaKTOpHhII 3<H»eKT nponaJI. 

PadoTli no nonyqeHD yCKopeHHoro nf'll(a npoBOJUumCb B 

cne,ttyl)lll8M Q9pme.< Ha. BXOll pe30BaTOpa DOJlaBanCS nyqoK ·~C 3HeprHei 

60 K3B. C noUOID,bJ) M8TpHKH H3uepSlncSl TOK sa Bxo.ne H sa BIiXOJle 

CTPYKTYPIi B I<aQoM~a.Hane. no .. nOJlY'leHHWM AaHHIIIU npOBOJUVIaCh 

DCTHpOBKa CTPYKTYPY OTHOCHTe1IhBO HHaeI<TO~. llna aTot uen weXllY 

HHEekTOPOM H pe30HaTOpou OHna yCTaHOBneHa MeXaBJIlieCKasIc

pa3BJ13Ka - CII.nh«x:>H, a JlanhuA KOHen. ~PMY pe30HaTOpa uyen 

BOONOKBOCTh nnaBHOrO nepeMem.eHHR no DOny 8. _BePTHKaJIbHOM H 

rOpll30HTaJIbHOM HanpaBJIeHBSIX. B pe3Y1IhTaTe OOTupoBO'UllltX padoT OflUIO 

sall1eHo DonozeHHe pooouaTopa, npH KOTOPOM nOKa3aHU .naTtDlKOB TOKa 

sa BXOJle H BYXOJle CTPyKTYPhI OKa3aJIHCb CHlAleTpHtUlli OTHOCBTeJIhHO 
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lleHTPaJIbHOrO KaHana B IlaKCBMaJlbBH. 9T0 nonO&eHBe dWlo UpHHUO aa 

padotlee. upIl 3TOM ClDITaJlOCh, 'f1'O OCb CTJlYKTypH COBDa,JtaeT C OChD 

Il}"lKa. 

B npOll9Cce IIccneAoBaHd dyna DOmrrKa DCTHpoBKH DyqKa C 

nOIfOlll,hD 3neXTpocTaTJl1.leCKJlX xOppeKTOpoB - napw OTKnOHD)I,HX 

nnaCTBH, sa XOTopHe nO.u.aBaJIRC:b DOTeHD.BanH ,1tM C03~S 

nonepe'IHoro nOJlSl. OTKnOHeoe DyqKa Jl3MepSnOCh c DOMOI,bIJ nOJlBHDIlIX 

nnaCTHH co I,ensnm, XOTOpYUH H311epSnCS 3UHTTaBC JI}"lKa. HanpaaeBBe 
Ha OTKnosaDUX nnaCTJIHU B3MeHanOCb nnUHO OT 0 .110 3 xB 
nonomrrem:.sol H OTpJlllaTem:.Hol nOJISIpSoCTH. OJlHaKO DOnODTeJIDBOro 

peaYJlbTaTa nOnytleHO Be dYJIO, ,llBHmHBSI nyqKa He odsapyuHO. npH 

.	 yBeJlB'leHIIJI OTKJIOHSmll,ero HanpamHBSI .110 1,5 - 2.0 xB odua TOX 

yYeHblllaJICS B 2 ~ pa3a. npJllleM npH nO,llatle OTPJIlJ,aTeJJ:bHoro 

HanpS&HKSI B IUlzenope npoHcXOJlBn npodol B YCKOpRlJlLeM aaaope 

lIHaeKTopa. 
Ilo~eBBe yCKopeHHoro DyqKa npoHcxoAHJlO Is CneJly»lIeM DOpSlJll(e. 

Ha BXOA rpynDHpoBaTen$l IIOJlOancs nytlOK llpOTOHOB C pacqeTBOI 

3BepI'HeA 60 DB, DpH'ieU BeJDI\UUla DOJIHOrO TOKa Bce BpeMa 
KOHTpOJDIpoBaJlaCh C DOMOIlhIJ Ut C OTBepcTHaMH, a BXOJUlHe TOD no 

Kaa,lorq R3 19 KaHaJlOB - C nOMOII,bD nODHDoro (SnOKa Ut. Ha DYXOJl8 
CTPYKT1PH nepeJl 4loJIbroi TaKe RadoJlanCSI aeycKOpeHHH1l TOK. 

BeJIHQHBa TOKOB no KaqOrq H3 19 KaHanOB Ha BXOJle H BhlXOJle 

IJplIBeJl9Ba B TadJIRU.9 2 TadnJIlla 2 
=============================================~=================== 

HOll8p KaHana 1 2 3 4 5 6 7 8 

Bx. TOX (MAJ 6,0 6,0 14,0 12,0 12,0 8,0 9,0 10,0 

BYX. TOlC (uA) 0,2 0,1 0,36 1,10 0,6 0,7 1,10 
================================================================= 

9 10 11 12 13 14 15 16 17 18 19 

9,0 6,0 2,2 4,0 11,0 10,0 15,0 15,0 13,0 6,0 12,0
 

0,22 0,06 0,16 0,2 0,25 1,2 1,6 1,2 0,08 0,3 
==================-=====-=======-====---=-========-=-====-======= 
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SaTeM B yCKOpJIIHIIYIJ CTPyKTypy BBO,uJlJIaCh Btl IIOUOCT&, BeJIJl'UlHa 

ee KOHTPOJIRPOBaJIaCh no HanpJlaeHllJ) JIJIHJUI NO]tyJIftOpa II no CHrHany c 

neTO 113 peaoHaropa. IIp. ,uOCTll&eBBJI YPOBBJI Bq, d1Dl3KOro K 

paClIeTHouy, sa BIlIXOlle yCKOpJITemJ sa U. 3a tom,rol nosnuIReTCSI 
Cllt'BaJI, nOKa3YBa1J'" HaJDl'Dle yCKOpeHBoro TOKa. . lIaJIee IIJIaBBWII 

Jl3MeBeHBeM ypoBUJI Btl B HanpJIDBHR JtBzeKtUIII doo nOJ!Y'l8ao 
MaKCHMaJIhHoe 3UaQeOe yCKopeHHoro ToJta sa Byxo,ue, paettpeJ1eneue 

TOKOB no ICUJIOuy B3 7 BBY'J.'P9IDUIX KaBanOB DpueaeBo B TadJDllle 3. 
Tadmm.a 3. 

======~======================~~~====================== ========== 

HoMep KaHaJIa 13 14 15 16 17 18 19 

1,5 2,5 4,0 3,8 3,2 1.6 3,2 
============~==========================:======================== 

Hccne.1loBaHBe rpymmpoBaTelIR npoBOJOIlIOCb CJIea~ odpa30U. 

Dpe.uapB'l'eJD1Ho cmtaJJBdpoBaBBHaJI DeT1IJI B03dyqesBJI ycTaHUmmanaCb 

B BHXOJUlol KaClCaJl IN-reaepaTopa B cpeAHee nonoeoe. Bpu.9Hllell 

n8TmI Jl3MeUnaCb· BeJIR'ClHHa Uanp.aeHHJI rpymmpoBaTelIR. Bpall.eaeu 
P)'ICOaTJCB paalBBDoA 1IBBJIJI, BK1fI)lIeHBOI nOCJlenOBaTenYO B 

ueDb - ta,3a SToro uanp.ueHHR. MeToaoM DOCJle,llOBaTeJlYlllX 

upBdJIDeBBl - nooqepeJ1HlllU llBDeBBeM neTJIJI II pa3,1lB:uB01 JDIHJIK 

do nonyqes YaKCRUaJIbIDd yCKOpeHB1d TOX sa Buone yCKOpBTeJlR. 

OKa3CU1OCh, 'ITO BKJIJ)lIeOe rpynmtpOBaTeJlR ~eJlll'DmaeT yCKOpeHHYI 

Tax nplldmtiiITE!JIhHO B na. paaa. 

. TIp. BKJII)qeHlUDf corJlacYDlI.ero KaHana HaDpJlmHlle Ha era JDDI3ax 

nOIBHMa1IOCh DlIaBBO OT 0 10 14 KB naJlomrrelIhBol R O'l'pBuaTelIbROI 

nOJIR:pBOCTR. MaJcCHMa1IlJHoe 3Ba'leBBe yCKOpeHHOro TaKa dYJio n01I}"leuo 

np. HaDpJl&eBJnl 10 xB. .' . 
B peaym.TaT8 s'Cex onHCaBHIlIX BHDle ~eaCTBd dWI noJJ:jqeH nyqOK 

ycxapeBHYX DpoTOHOB C 3BepI'Bel 630 K3B. HenocpeJlCTBeHHo JmMePSlICJ1 

yClCOp8HHYI TOK ua BIlIXOne 00101 BBYTpeHBHX KaBanOB Doo1le ~JIhMl, 

era B81IJ11U1Ha OJCa3aJIaCh 20 MA. YCKapeBHYI TaK Ha BIIlXo.-e OCTaJJhHHX 

neUaau.aTII KaHanOB Be H3uepRJlCa .113-3a OTCyrcTBBJI ~JlhrJI 

.IlOCTaTal.lHO OoJIhlDoro paauepa. OneHKa DOJIHOrO TOKa. npoBO,lUlJIaCh no 
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pacnpeJ1enemm nyqJCa sa BXOJle yCKOpH'1'ena. O'I'BoweHHe nOJIBoro TOKa. 

19 KaHanOB sa Bxo.ue Ie TOxy sa 7 BSYTPeuHHx XaHanax OXa3anOCh 

PaBBliM 2,4. ECmI C'DITaTh napaMeTpH nyqxa no pauycy nOCTORJIHYMH, 

TO .. BHXOJlHot yCXopeHlfJd TOX nonyqaeTca 48 MA. OSaKO, Y'UfThmu 

3KcnepmaeSTaJIbBJlte .uaHHhte no sepaaHouepHOCTB nytIKa no paJUlYCY, 

MODO npeAIIOJIODTh, 'ITO Be1IH'lBBa D01lBOrO yCKopeHBoro Toxa 

dli1Ia OKOlIO 40 MA. 
B npollecce HccneaoBaHd CHHMaJlHCh 3aBJlCHII0CTJI yCKOpeSSOro 

Toxa sa BYXOJ1e yCKopHTen.1l OT sanpgmog HBmKIUlH, OT ypoBsa Btl 
IIOBlHOCTJI B CTJ>yxType, OT sanpsmsu cornacytlJll,ero KaBaJIa, BeJIR'BIHH 

B ((Bali Hanpazemur rpymmpoBaTens. fiPOBO,lUfJIBCh R3MepeBHSI 

DapaMeTpoB nrma sa Bxo.ue B pe3oHaTop, a TaKze 3aBJlCIIMOCTh 

yCKopeUHoro TaKa OT ,ltJIHBIi yCKOpJllJlll,erO 3a30pa HJmeKTopa. 

9I<cnepJIMeBTaJIhHO nOJIYlleRBYe 3aBHCHMOCTH npHBeJleHli sa pac. 4-7. 
B npoB9,1t9HHYX BYDJS 9KCnepIIMeUTaX paCCTOJUlH9 OT 3a3euneBHot 

CeTKH BHzeKTOpa .Ito pe3oHaTopa COCTaBlISIJIO npHdJIH3HTeJIDHO 1 ,2M. 

CyIlecTBOBaJIO KReBHe, \ITO 3Ha'DITeJIbHaa 'laCTh qaCTHlJ. TeP.1leTCSf sa 
aTOM,· paCCTOJllUUl, D03TOaay dli1I npoBeJleu cJJe.uYDUJlI OUIIl. BaKYYMJI1d 
KOap: HS:aeKTOpa, KaMepa sad1IJ)JleHJlSl H BaKYJIIBIlII 3aTBOp dY1Dl 
JlellOH"I'HpOBaHJll1, a JlCTO'IBJIK dwn ycTaBOBJIeH sa H3oJIBPYDJI,eu tnaHlle Ha 

BaKYYMBOIl Ko~e pe3oHaTOpa, T. e. paCCTOaHlle ueny IIHDKTOpoN II 

pooosaTopoM dyno yueHhllleHO JlO 200 101. Ha 3TOM MOJlepsH3HpOBaBJlOY 

CTeMe dYmf npoBeJ1eHW Bce OCBOBBHe 3KCnepHMeHTH, ODJIcaBHHe Bh1IDe. 

BonpeKll ODJtaBJIJIM, YBeJIH'ISHHSI BXOJlHOro II BWXO,IUIoro yCKopeHHoro 

TOKa nOJIYlleBO He dllDIO, a dlVIH nonyqeHlll npe.-:HHe J1aHHllle. Taxol 

peayJIhTaT, DO-BHJlHMOMY, MODO odl SCHHTb TeN, 'ITO DyqOK, 

DonyqeHRYI H3 nzeKTOpa, COnSpDT CT01IbKO 3nelCTpOBOB, 'ITO 

JlBJlReTCR KONIJeBCBpOBaHHlDI H 1.laCTHIJ,Y se TepeTCa Ha pacCTOSlHBH 

1,2 M. Bonae Toro, nyq:OK, C~KYCHpoBaHH1:d Ha Ha'laJIO pe3oHaTopa c 

paCCTOJIHHR 1,2 N, anSeTcJ[ donee napanneJIbUYM • nyqme nO,1lXOJlHT 

WIa yCKOpeHHSf B YBOroJIYlleBoM peaosaTope. 
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8 8 8 

1 2 

7 7 

5 4 

3
 

PMC. 1. CXEMA 9KCIlEPMHI'AJIbHOH YCTAHOBKH 

1 - MHlEKTOP 

2 - PE30HATOP 

3 - HMIlYJIbCHbIR MOllY.ID1TOP 

4 - YCH1IHl'EJlhHJ:£ KACKA.llli 

5 - 5AllAD11HH rEHEPATOP 
r 

\	 6 - «lPBAI<YYMIY AfPEI'AT ABP-190
 

6 - TYP50MOJlEKYJISlPHI:6I MACae TMH-500
 

7 - MArHMTOPA5PHJ[HbIPI HACOC HMll-0400
 

8 - BAI<YYMIY SATBOP
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4 6 7 8 2 3 1 9 10 11 

PMC. 2. 3KCIIEPw.tElITAJIhHlm PESOHATOP
 

1 - YCKOPmIWI CTPYKTYPA
 

2 - rPYIIrmPOBATEJIh
 

3 - corJIACYDIlMH KAHAJI
 

4 - HHJ.(YKllHOHHJ:m JJ,AT'OO<
 

5 - K9MEPHI'EJIbHAft KAMEPA
 

6 - IIJIACTHHIi CO IIIEMIMH:
 

7 - I.1H1IMHJlP tAPA,llESI C OTBE~
 

8 - IJOllBMIHWI BOOK K3 19 UWOOUlPOB tAPAlIESl
 

9 - BJlOR Bl1IXO.lIlWX lOOOOUIPOB tAPA,llESI
 

10 - K3MEPHTEJlbHASI toJIbrA 
•11 - IOOOOlllP tAPAlIE$I SA tOJlbrOH 
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1000 
I I t 
I I I,BbIX. f I
 

TOB:
 t t	 I ,.I IllKA 
I I I t I I 1 

__ -l ___ l. ___ L __ ..J_ _ L ___1___ -1 ___
800 . ,I I I I I I 

t " t J I I 1 
1 I I I I 1 t I 

I I I I t I 
I I I I I I 
t 1 I I I I I 

___1___ .l ___ L _ ..J ___ ____ .1 ___
600	 

L_~ 

I I I 1 I t 
I I I I I I 
I I I 1 I I 
I I I f I I, I I I I ,I 

I I I J I I I 
___1___ 1. ___ L __ ..J ___ L ___1_ _ .1 ___

400 ,1 I I I I I 
I 1 I I I 1 f 
I I I I t t 
I I I I I,I I I I 
I I I I I I I I 

___1___ .l_ _ '- __ -.J ___ L ___1___ .1 ___ I
200 

I I I I I I I 
I 1 I 1 I I I 
I I I I I I I 

1 I I I I I,
I I I I I 
1 I I I kB IIU 

0 
0 4 8 12 16 

PHc.4.	 3aBHCHlfOCTJi. YCICopeHHoro TOK8 OT
 
aanpSIzeHHSl cornacYIO~ero KaHana.
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800 ---------------------------- 

,---'----r---r---T---' 

I I I I 
I I 
I I 

600 
I I 

-------~--

I I I I I 
-----~---f---T---l 

I I I I I 
I I I I I 

I I I I I
400 

I I I I I I 
I I I I , , 
I I , I I I 

200 --~---~----~---~---+---~ 
I I I I I I 
I J I I I I 

I I I I 
o-+.-~...............-h-TT'T"'Ir-rrr-rh-1"T'T"lrTT"l'...-h-1'"T'T1rTT1'-rh-TTT1rTTT"T"fTTT1irTTT-rtrrrnrT'TTT"1 

4.8 5.0 5.2 5.4 5.6 5.8 6.0 
PHe.S a.	 3aBHCHMOCTL yCKopeHHoro Toxa 

OT ypoBHSI Bq KODJ;HOCTH. 

O-hTTTT'TT'n+rrrrrrl"TT'1hT1r-rnI'T'T'1r+n"""'"TT"'I'-rhT"l"TTT'Trr+T"'t""rTTTrTT"h-r-,I"T'P'I~ 

4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 
Pac.S.tS.	 Pac"QeTHaSi 3aBHCH)(OCTI. ycxopeHHoro 

Toxa OT ypOBHSJ Btl MOII:(HOCTH. 

1200 

800 

400 

I I 
BLIX I ,	 I 
TOX I 
MICA I I 

I I I I I I 
- - - T - - - -1 - - 

I I , I • 
f I 

---~---T---_1 

II

-1- --

II
I

I I I 
I I I I 
If'

- -

f I I 
I , I I I I t---'---1 -. - - - - ,- - - - I - - - , --I 
I I I , I I I 
I , J I I f , 

I I I J I I 
I I I , IU I 
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IEIlIX. 1 
ITOI( I 
IMICA I

I	 I I I600 ------- ------------------ I I 1 I 
I I 1 I 
I 1 I 1 
1 1 I I 1 ,

400 ---r - - T - - - ., - - - - - - -,- - - -1- - - 

1 I 1 I 1 1 
I 1 1 1 I 1 
I I 'I I 

200 - - - + - - - -f - - - -i - - - -1- - -1- - - 
I 1 I 1 I 
I I I I 
I I I I 

O-+nrTTT~-h-nrTTTrrrI"TTT'1rTTTTT'h""nTnTTrt_n"'TTrFTTT+rnrrrrrrrlTTT1rrrrrrf 

57.0 57.5 58.0 58.5 59.0 59.5 60.0 

PHc.6 a.	 3aBHCHM:OCTL yCKopeBHoro Toxa 
OT HanpSJKeHHSI HHJKeI<:D;HH. 

900 - -	 - - - - - - - - - - - - - - - - - - - - - - - - - - . 
I	 I 

,I	 I 
I 

I I I I I850 ----,-----,--- ----,----,----j 
, I I I I 1 
I I I 1 1, 

800 - -	 - -I-- 'I " ----,-~----,----~--

I I I I	 I 
1 I I	 I 

I I I I I I 
750 ----~---~----_i----4----+----1 

I I I I I I 
I , I I I I 

I 1 I I I kB I 
700 -t-rT""T"l"T'TT"-rr+"T"T"T"T"'I""T'....--rT-h--T""I""I-r-r"rl.,..+-.-r-I"'"T.....-r-r~""T"Y'"I..........-.-.-.-+--,............,.......,....,~ 

56.0 57.0 58.0 59.0 60.0 61.0 62.0 
PHc.6	 6. PaCqeTBast 3aBBCHMOCT~ 

yCKopeHHoro TOEa OT 
aanpSlEeHHSI HHxceK~HH. 



11 

450 - - - - - - - - - - - - - - - - - - - - _.- - - - - - - . 
BLIX I	 I 

TOK I	 1 
UKA I	 , 

I	 I
400 - - - - - - - - - - - - - I - - - - - - - - - - - - - i 

I 1 I 
I I I 

I I I I 
350 - - - - - - + - - - - - - -; - - - - - -1- - - - - - I 

, J I J 
, , , I 
, I I , 

300 - - - - - - 1. - - - - - - - - - - - - -'- - - - - - ! 
J	 " 
I	 I 1 
I I I 
I I I I 

250 - - - - - - T - - - - - -, - - - - - - -,- - - - - - - I 

I I I I 
J I I I 
,	 1 I I 

200 - - - ..a.. - - - - - -I - - - - - - -1- - - - - - - I 
I I 1 I 
t I , I 
I I , , 

I	 I I I150 - - - - - - - - - - - - - ,- - - - - - -,- - - - - - - i 
I I I 
I I I 

I I I I 
100 - - - - - - T - - - - - - I - - - - - - -,- - - - - - - 1 

I ,	 I I 

1 I	 I I 
I	 tiL mm' 

50 -+--'--r-1r--r-"1r-r-r-r-r-+-r-r-,...-y-,...-...,....,...-r+.....,....-r-r-r-r"'rT-r-T.,.-r-r-T-r-T-r-r..,......-l 

o 40 80 120 160 
PHc.7.	 3aBHCHMOCTL yCKopeHHoro Toxa OT 

,lVIHHbI RHHHH <.a3:bI) rpynnHpoBaTenSi. 
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