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10.A.EaTyCOB . 

fl,nepHBR cpnsRRa Hll3RHX n cpe~x aHeprntt sa npome,DJime neCR
TRJieTM CBOero CYIIl6CTBOBaHRR npo.ItBHHYJIBCl> ,u.aneRO Bnepe,u. Ho BM6C
Te C llOliBJieHneM HOBHX 3HBHd O CBOICTBBX Rnep BlIPOCJlll H Tpe6o:aa
mm K annapaType, npRMeH.lleMo:li 'AilR MepEllx HccJie.uoBaHml; 

B HBCTOffillee BpeMR cymecTeyeT HecKOJll,KO HanpaBJieHml ycoBep
meHCTBOBBHIDI 8KcnepHMeHTBJibHWC ycTaHOBOK (yCKOPHTeJieu, peaKTOPOB, 
MBccenapaTOpOB, cneKTporpaipOB H T.n.), pa3BHTHe KOTOpHX He06Xo.D;R~ 
MO 'AilR ycnemHOI'O H3ytlemm CTpOeHRR BTOMHoro MPB. 

OnHPIM H3 TBKHX HanpaBJieHml pa3BllTRR 8KcnepHMeHTBJII,HOtt 6asa: 
B (pHSH'l:ecKRX llHCTHTyTBX CtpaH-ytlBCTH~ OHFM RBJilleTCR SaMeHa KJiac
cnqecKRX nmtJIOTpOHOB nsoxpOHHHMH C O;n:HOBpeMeHHHM y.n:yqmeHneM napa
MeTpOB YCKOpeHEllx nyqKoB. 

B pesym.TaTe KOpeHHOH MonepHnsannn CYIIleCTBYllUero KJIBCCRtJec
KOro nnKJIOTpoHa B ]a6opaTopnn Rnepmx npo6JieM OIDM B TeqeHRe 
I97I+I976r.r. cos.uBH HOBUi!: ycKopnTem, - nsoxpomm:li nnKJIOTPOH 
Y-I20M, KOTopmt 6yneT pa6oTaTl> B MHCTHTyTe HnepHO:li (pH3Hru'I AH qccp, 
B Pxtellte non IIparott. OTOT nHKJIOTPOH BOSHHK Ha 6ase MOpam.HO ycTa
pemero, nOCTPOeHHoro B MTHneCRTHX ro.u.ax, KJiaccWiecxoro nnxnoT
poHa Y-I20, KOTOpmt 6onee llRTHa,m:(8.Tll JieT pa6oTaeT B pa:,ue HHCTHTy- . 
TOB CCCP n 6oJ!bmHHcTBa cTpBH-ytiaCTHHn Olliill. 

HoBUi!: nHKJIOTPoH, npoeKTHHe napaMeTpY KOToporo npnBeneHH B 
raOJIH~e I, - sro COBpeMeHHYtt yCKOpHT6Jih, oraeqaD~HR BCe 
BOspacraD~HM TpeOOBaHHRM ¢H3HKOB-3KCnepHM8HTBTOpoB. True, 3HeprHR. 
ycxopa:eMIDC B HeM npoTOHOB H3M6HR6TCR OT 12,4 no 40 MaB. IlOMl'IMO 
npOTOHOB c ero llOMOIIU>JO MOlltHO YCKOpRTl> ne:liTOHH no 8Heprnn 20,3 MsB, 

0(. - qacT~ n JHe+2• ,I(ocTHllCHMBS! nHTeHcHBHocn ycKopeHHoro nytI
Ka COCTaBJIRer 20+100 MKA. 

HacTO/lmaR .D;RccepTannR llOCBRmeHa HCCJienoBaHllJO nBYX OCHOBHRX 
CHCTeM nsoxpOHHOro nnKJIOTPOHB Y-I20M: CI/ICTel'.'laM BBO,Il,8. n: BHBona 
nyqita. 

Tu6op CTPYKTYPY, pacqeT H paspa60TKB cncTeMbt BYBO,Il,8. YCKOpeH
Horo nyqKa RBH}IHCl, OCHOBHOll nem,JO .ii;HccepTannn. B pa6oTe H3JIOllteHH 
T8Kllte pesyJil>TBTY BH6opa BBPHaHTB I/I pactteTa HOHOOllTHtteCKOil: CIIICTe
Ml,l DBO,Il,8. tJBCTHn OT BHelIIHero HCTOqllHKa ttepe3 oceBoit KBHaJI 8JieKTpo
MBI'!!HTa nHKJIOTpOHa. 

.IT.HccepTanni! COCTOHT H3 BBe,UeHHR, llRTR rJiaB, 38KJil!JteHRR H 
nonoJIHeHa mecT1>JO npHJIOllteHR!iMH. 

Bo'BBe,UeHHH ~H KpaTKd o6sop OCHOBHHX napaMeTpOB I/I30xpOH
HOro nnKJIOTpOHa Y-I20M. 

r:~~·~-~~~,.----,. r~~~-;;~·, 
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Ta6mma .ffi I. OcHOBHHe rrapaMeTpH nsoxpoHHoro WIKJIOTpoHa 
Y-I20M. 

IlapaMeTp,pasMepHOCTb 'tJ:acTmm 
p d ex 

Mmte.imeprrui, MaB · 40,0 20,3 40,9 
M1rn.sHeprIDI, MaB · I2,4 8,3 I6,6. 
Ilpe.nenbmm pan;l'lyc RK; CM 5I 5I 5I 
Ma.Kc.cpe.mt.mwronm,Itl'c ( 'Z =lcK) I8,I I8,I I8,I 
M1rn. cpe,IUI. mI.IWKilIDI, Itl'c ( z = R" ) IO,O II,6 II,5 
.I(narrasoH qacToT cBo6.rwne6amrli tlz l + I,04 I+I, DI I+I,OI 
.JJ.HarrasoH qacTOT cBo6.Kone6aHH:ii 02 0 + 0,2 D!-0,3 D!-0,3 
MaKCIDvlanbHM qacTOTa, Ifill 26,5 I3,? !3,8 
MmnIMaJII,HruI "!8CTOTa, MJ:'n I5,I 8,8 8,8 

AMIIJI.yCKOpHIOOlero Harrp., RB 40 + 50 
CTa6WibHOCTb aMIIJmTy,IlH I(j"3 

MOlltHOCTb B/tI reHepaTopa, KET I50 
IlepRO)m'IHOCTb tmrH.IIOJill: N ' 4 
IlapaMeTp crmpa;m .l , CM 4,5 
Mrmmnam,mm sasop MelJUIY crrl!J)MbHHMII 
lIIRMMaMR, CM 8,2 
MHTeHCllBHOCTb BHJTp.rry-qKa, MKA 20 + IO0 
Pa.nimm,Him 3MRTTaHC Ha pa,m,:yce 

'l = RK ' MM.Mp~ 8-J[ 
BepTRKBJII,Hlm 3MRTTaHc Ha pa,m,:yce 

'l = RK ' MM,Mpa,n ?,2•7[ 
PaspemeHRe rio aHeprHH (I + 3) •I0-3 

B rrepBOli rnaBe IIPHBe,neH o6sop CY!lleCTBYmtHX CHCTeM BHBO,Ila 
rrytIKa R3 umtJIOTpOHOB H rrpoBe.neHO HX COIIOCTaBJieHHe c· Tpe60BaHrunvm:, 
rrpe,I!'LR:BJmeMHMR K UfiltnOTpOHY Y-I20M. JlBa,.._OCHOBHHX orpaHR'Iemm, KO
TOpHe orrpe,neJIHJIH BH60p CHCTeMH BHBO,na, 6HJIH EHSBaHH Tpe60BaHH/IMH 
MOH03HepreTR"!~OCTH YCKOpeHHOro IIyqKa H MmmMyMa HCKaxeHHil 3MHT
TaHCOB BHBe,IleHHoro rry"!Ka. IlepBOe - BHBO,Il xeJiaTeJibHO OCY!lleCTBHTb 
TOJII,KO c O.mtott op6HTH. BTopoe - He06XO,IlHMOCTb BHBO,Ila rryqKa H3 
06JI8CTH H30xpOHHO-paCTY!llero MarHUHOro IIOJUI ( Q'l >I)• B 3TOM CJIY-,:
qae MOlltHO B TetieHne·roero rrpouecca BHBo,na rro,n.n:epimB8Tb ~asy ueHT-
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pa ycxopaeMOI'O crycTRa B6JIR3R HYllfl H He yBe/IHtlHBSTI,, TB.KHM o6pa
SOM, B soHe BHBo.na aaepreTHtlecxd pas6poc qacTHU (AW/W) B 
crycTRe. B cBHs:vt c rrepBHM orpa!mlieHHeM HelltenaTeneH xnaccnqecrom 
pereHepaTHllHlilt BHBO.It, IIpH KOTOpOM B036Yllt.ztaeTM rrapaMeTpHlleCKd 
pesoHaHc H B KaHaJI .napnexTopa rrorra,nam qac-rm:nl c pasHHx op6HT, a 
Ta.Rllte CYl!leCTBeHHO HCKalltamM SMHTTaHCH rryqxa. BTopoe OrpaHwremi:e 
HCMmaeT rrpHMeHeHHe rrpeneccHoHHoro BHBo,na qac~. rrpome,mnHx qe
pes peSOHaHC Q'l.=I/I B 067IaCTI, crra.na1111ero MarHl'ITHOI'O IIOIIH ( (?~<I). 

HaH6onee rrpe~oqTHTem,HHM HBllfleTCH MeTo,n, n:crrom,syll!llli1 o.n
HOBpeMeHHoe .nettcTBRe nepnoa H BTOpott rapMOHHK BOSMYll!CHRII ITO.JUI C 
BOSMOllOIOCTI,D perylIHpOBKH OTHOCHTeJll,HOro BKJia,mi 8THX rapMomm. 
KaK rroxasano .neTa/IhHOe pacCMOTpeHHe, 8TOT M6TO.It IIOSBOIIHeT rrony
qJ!Th xopomee pas.neneHHe op6HT B o6nacTR moo.na rrpH coxpaHeHHH 
8MHTTaHCOB rrorrepeqHoro .ItBHllteHHH. KpoMe Toro, ~THBM oco6eHHOCTH 
~KJIOTpoaa Y-I20M (TaKRe KaK mHpORmi )U!arrasOH rrepecTpOftKH MarHHT
HOI'O IIOJIR:, Mamnl sasop B ycKOpHT6Jll,HOH RaMepe), 6ano pemeHO Bl:l

IIOIIHl'ITh Bee 37I6M6HTH BHBO.ItHOll Cl'ICTeMH B BH,Ite YCTPOHCTB, cos.naro
me:x TO/IhKO 3/IeKTPOCTaTnqecKRe nOJifI. 06me:tt BR.It Cl'ICTeMH :mrno.na ~K
JIOTpoHa Y-I2CM rrpe,ncTaMeH Ha pHc. I. 

B rrepBOH rnaBe IlpHBe,IteH Ta.Klll:e o6sop cymecTByDlll'IX CHCT6M 
BHemHeft IDilltero:um qacTHU B ~KJIOTpOH. B xaqeCTBe HaH607Iee aqipeRTH:e
HOH )Um ~KIIOTpOHa Y-I20M Bl:l6paHa aKCHa/IhHM l'IHlKCK~ co cnHpalih
HliM RE!q)IICKTOPOM Trutoro T:ima, KaK Ha H30xpOHHOM UmcJIOTpoHe B I'pe~ 
Ho6ne. 

Bo BTOPOH rnaBe paccMOTpeH rrponecc BOS6yl!{,ll;eHM KOrepeHTHHX 
pa.ItHa/IhHHX K07Ie6aHmi B o6nacm BHBO.Ita C IIOMOfilhD IIOKa/IhHHX HCO,D;HO
PO.ItHOCTeH 87I6KTpOCTaTHqecKOro noJm. PacqeT K07Ie6aHmi IlpoBe,IteH B 
TPH aTarra: ,lUlyMlI rrpH6JmllteHHHMH crroco6ru.m n ToqHHM ~~JieHHHM pac
qeToM. IIepBoe rrpn6Jil'IllteHHe - aaan:nnqecxoe. BHBe.neHH IIRHeiiHHe sa
BHCRMOCTH 0,ItH006opOTHHX npH!)ameHnft pa,D;l!a/IhHOH KOOP.ItHHa TH ( .1 _f ) 
O.ItHOH qacTHUH l'I ee Ilp01'I3BO.ItHOH no aSHMyTY ( 119' ) B saBHCRM:>CTR 
OT Be;mqmr ( ;/:·) 1/''J. as:mqTOB ( ¢i-) BOSMYmaliuRx TOf!KOB: 

/Jo= -Z ,,1 ,1Q</Jc-.. jin Q'Z{r/4-2ff} + J>L-2JC(ai-f) 
) f:::f ft 'l tl'l ' 

# = t;,1I 1f ·CosQ1(¢e•-2JrJ- fo·?ff(ai-tJ, .~.• 
r.ne 1:i¢; 

7 
- aSIDAyTaJII,HruJ" Ilp0THllteHHOCTh I- I'O BOSMYmemm, · Q'l -

qacTOTa pa.ItHaJinHHX K07Ie6aHRH, f.o, _p: - pa,nnan:I,HOe OTKJJ:OHeHHe 
qacTmn,t OT paBHOB6CHOH op6nm ( 'tE ) l'I ero IIpOHSBO,D;HruI IIO asHM,Y-
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- Ty B Haqan:e paccM8.TpRBaeMOI'O o6opoTa, K - ql'ICJIO /IOKaJihHHX Heo.n
HOp0,llHOCTeH, .n;eRCTBYDl!lHX Ha o6opoTe. 

Amum:s no.nyqeHHHX COOTHomemi:! IIORaSHBaeT t qTo npz ,ne!CTBIDI 
Ha o6opoTe TOJU,KO O,D;HOI'O TOJI'Uta HeBOSMOlKHO o6ecneqHTI, O,D;HOBpeMeH
HO saOpoc ,D;OCTaToqaoR B8JIHqHHH R ycTo!qHBOCTh pa,rni:am,Horo 8MlllT
TaHca. 0,ItHaKO IIpH HaJll!'IIDI 'JrBYX JIOR0.Jll,HHX BOSMj'lllemiil:, cos,naBaeMHX 
aJieKTPOCTaTlf'lecxm.m: noJUIMR, l'J. nplI B!lIIOJIHeHRR ymr.OBmi/t/4-¢z/z: H 
d>'r.Jl'2/'l>O uouo o6ecneqHTn numeyKa3aHHHe Tpe0oBaHHa.3oHa nepiff 7£/'l"E 

noro nosuy~eHna("nosOy.n;HTen1,") ~onxaa 6HTn pacnonoxeHa Henocpe~cT-
neaao nepe~ HaQaJIOM ~e~neKTopa, BToporo ("KOMIIeHcaxop") - Ha pac
CTOHHHH~900 sa nepBW!:. KaqeCTB8HHO onpeAeneHa P~HaJII,HruI SaDllCll
MOCTb BOSMYl!laDmeR sneKTpnqec~o~ cnnH OOOHX TonqKOB ll KOnHqeCTBeH
HO o~eHeHa nenHqHHa BTOporo HS BOSMymeHHR Ha nocneAH8M odopore 
(~39 KB/cu). 

BTopw npH6Jm:llteHReM HBIIHeTCH qHcJieHHIDt pacqeT Bcero nponec
ca B036yl!{,ll;eHM}~am,HHx 1tone6aHH!, rrpooo,n.m;,ml: Ha 3BM no npn6;ra-
11teHHHM qiop~Jia •3 /. C nOMOfilhD sTOro nmt11a pacqeTOB 6HIIl'I no,nT
BeplK,IteHli saK;mqeHWI, c.nenaHHHe Ha OCHOBe aHa;mmqecxoro onncaHIDI 
npouecca BOS6yllt,It8IDm KOrepeHTHWC K07Ie6aHE!, B qaCTHOCTR ~eTaJII,HO 
HCCJie,ItOBaHH YCJIOBWI ycTottqnocTH pa.ziRa;n,Horo SMHTTaHCa rryqxa npH 
HaJ!HlDm BOSMYlllalllll!X noJieil:. B pesym,iaTe onTIDvmsarnm .neMTR_ napa
MeTPOB, onpe~eJifIIIIIRX SJieKTpnqecue noJDI B036y,nRTeJDI l'J. KOMIIeHcaTO
pa, 6HJIH Hall.new KOJlHqeCTBemme saBHC1™0CTH 8Tl'IX noJieil: OT pa.ItHYCa 
lI asniyTa. Ilo~eHl!lrlt npz STOM npouecc pacKaqxH KorepeHTHHX ROJie-
6amd MOHosaepremqecKoro nyqxa Hso6pa11teH Ha pzc.2. 

r·~~]'b 
1~ ~

(o 
~'~ Oj 

~ , rLcMJ, 
0. I. 52 

PKc.2 
lilBO.It ny,ma BOSMOllteH C op6l'J.TH, COOTBeTCTBYIJllett 8Heprmi: 

38,8 MaB. 3TH ,miHHHe HBIIH1IRCh,B CBOD oqepe,Ith,OCHOBOtt )Um BmHcne-
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HIDI nonepe'l'.Horo ceqemm anexTpolJ.OB Bos6y,ItRTeJIR: H/oMIIeHcaTopa • 
.n,m ,nrumoi!: n;eJm 6wm paspa6oTamI 'ABa MeTo,nal 6 , KOTopue nos~ 
BOJIR:D'l' IlPH RCIIOJll,30BaHIDI MMOil SPM HaXO,ItRTI, TO'l'.H08 pemeHHe 'JI.BY
MepHoro ypaBHSHK!I Jiannaca C rpruraqHl,IMR YCJIOBlJJIMK, sa;naHHliMH B KO
HeqHQM qzcJie Toqex. Ha pzc. 3 H306pallt8ml KOHqll!rypan;RR 8KBHilOT8H
IJ;RaJiei!: BOs6y.u.KT8Jili ( 8 ) H KOMIISHCaTopa ( K ) • !JymtTRpmtMR Jm

mmr,m R306palltemI 8JI8KTp0lJ.l,I. 

50 52 r{cM] 
PRc. 3 

50 

w 

52 r[cM] 54 

TpeTmi 8Tan pacqeTOB B036ylltlJ,eHIDI pa,nmun,HWC KOJie6~ 61' 
IIPOBelJ,eH Ha SBM C HCIIOnI>30BamI8M IIOJIHliX ypaBHeHHi!: lJ,Bmt8HM J • 
C IIOMOill],D CHCTSMH no.nnporpruw"KATKA", cos.zirumoa lJ.Jili 8TOi!: n;eJIH, 
6unH HCC118lJ,OB8.Hli pa,mmnr,HaJI H aKCIIIanI>HM YCTOffllHBOC:rn HeBOSMY
memmx op6RT, MOlJ.eJmpooonca npon;ecc yc1topSHM rryttKa n ero B036Yllt
.IteHRe KOMIISHCaTOpoM ll B036y,ItRTeJieM. Ha plllc. 4 npelJ,CTaBJieHa lJ,IIIar
paMMa qacTOT lJ.Jili pasim-.:nmx 8Heprllli!: IIPH MaKCHMaJII,HOM YPOBHe MarnHT
HOro IlO.llfI. 

FiVI npoBelJ,eH KOHTpOJII,JmH IlOHCR Oll'l'HMSJIJ,HOil HaCTpOilRH cac
TSMB B036ylltlJ,eHWl lJ.Jili qempex 8Heprllli!: YCROpJteMWC qacTHIJ; ll BW!CHeH 
pJtlJ. cBOi!:CTB paCCMaTPHBaeMoil CllCTSMH. Ha pzc. 5 H306pallteH nponecc 
B036YlltlJ.8HruI CHHXpommx ROJie6aHini B oriTHMaJII,HOM peUMe ( u8 = UK = 
-80 RB). .n,m YTO'l'.HSHWI qlll3i{q8CROil KapTmm npon;ecca pacKaqxll 6UJI 

BHIIOJIHeH rapMOHJ.IqSCRmi aHaJIR8 B03Mylllaml8K cwm, ROTOpmi IIOKa3aJI 
O'l'HOCRTSJII,ffYD ponr, RaK nepBoil, Trot H BTOpoff rapMOHmt B03Jeylll8HHH. 
IlepBM rapMOHHRa C09lJ,a8T ROrepeHTHHe ROJI86aHrut C Tpe6yeMoi!: qiasoa 
( CHHXpoHimit pellrnM). 3aTeM 6UCTPliH pocT aMIIJillTylJ.1,1 BTOpoi!: rapMOHl'I
RH B036YlltlJ.88T napaMSTPifqSCKd pesoHaHC Q'l~ 2/2. 3a6poc nyqxa B 
lJ.eqJJISRTOp YBSmr<IHBaeTCJt 6narol1,apJt peSKOMY ClJ,BHry qiasu nepBOK rap-
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MOHHKll B CTOpoey,o6paTHyID 'ABJ.I~SHllID qacTmt 38 HSCKOJII,KO o6opoTOB 
lJ.O BbtBO lJ,a • 

0,4 ~0,9 fv/3B 

• • 40 /vfaB • • I Q I ..• ·- - - - - - -/vl B z - - - - - - - - - • • • • 39 3 ,____ .. / 

0,2 
- - - - _3§ ~~i ~-~~ 

----~---- 26/vfaB~ jafvhB 

30 fvtg8 

0 -t------.------.-----r--~_;__-

1,05 1,00 0,. 
PRc. 4 

HMeHHO COBMSCTHOe lJ.8KCTBH8 BH8lllH8I'O ll rrapaMeTpllqecKoro pe30H8HCOB 
II03BOIDI8T cos,naTr, 6onee rH6KYID CHCT8MY, KOTOPM o6ecrreqllBaeT lJ.OC
T8TO"!Iillll sa6poc nyqxa B lJ.eqJJieKTOP npn MIIlIRM87II,HOM llCKaxtemrn 8MUT
TaHCOB mm BCex ypoBHeii MarHUTHOI'O IIOJIII. 

B pesynr,TaTe npoBelJ,emrux mq.icneHnii 61rno ir.anee orrpe,neJieHo 
.norryCTllMOe SHa"!eHne I- a rapMOHnirn MllI'HllTHOro ITOJI.R:~ KOTOpoe rrpn 
M8KCHMa1Il,HOil _BHeprv.n IIPOTOHOB paBHO ;..,;,5 re. 3:WieKTUBHOCTI, CllC
TeMU Bl,IBO,na orrpe,nelIJteTCJt ,B nepByID oqepe,nr,,'pa6oToif CHCTeMR B036ylK
.nemm xorepeHTHHX :a:one6aunii. YcnoBM lJ.Jill Bos6ylK.IJ;emm Rone6aHHi!: 
nyqKa npoTOHOB C 3Heprnen 40 MaB B M8KCHMa1InHOM MarHHTHOM ITOJie 
Ha1I601Iee llteCTKlle. Ha OCHOBe pnc.2 ll puc.5 cne,nyeT Olllli,naTr,, "!TO 
ajxpeKTHBHOCTb Bl,IBOlJ.8 B 8TOM pe~e 6y,neT paBHa 60 + Ba/o. B OCTam,
HllX pel!tllMaX OHa 6y,neT BUme. MOH08HepreTnqHoCTb BliBe.IJ;eHHoro rry"!Ka 
cymecTB8HHO 38BllCHT OT lJ.8KCTBM CIICTeMR B036ylK,IJ;eHM pal1,Ua7II,HliX 
xone6aHmi. IlpoBe.neHHlie qncJieHHlie pacqeTu rroKasalill, "!TO rrpn onTH
MaJinHOi!: HacTpOi!:Ke us crycTKa 11acTmt, COOTBSTCTBY!Olllero OlJ.HOMY 060-

poTy, C pas6p°7~1 3H8Prllli, orrpe,ne,meMl,IM qJ830BllM lJ.BIIlK8HH8M B rrpo
n;ecce ycKopeHIDI, CSITTYMOM ,neqineKTOpa 6ylJ,yT nocTeIIeHHO OTlJ,8JIIITI,CJt 
TOJII,KO "!aCTHIJ;l,I, 8HepreTnqecKml pas6poc KOTOpliX He npe:BHCHT Ha6opa 
3HeprIDI sa O,ItRH o6opoT. STO, H8IIp1IMep, 03HaqaeT, "!TO npn KOff8qffQH 
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<p 360' 
N•npo6r-1u,ca 

Bo86yJK,ILeHHe CHHxpOHHRX Kone6aHd 'laCTHQR Jl:1IR QeHTpa anJIHIJca. Cnpaila -
pa,n;nannHM saBRCl'IMOCTb HanpaxeHHOCTH 3JieKTpif'IeCRHX nonen B036y~~T8JIR 
H KOMIIeHCaTopa Ha aSRMYTax RX Ha'laJI R ROHQOB. 

8 

:mepr:r.m npOTOHOB \¼ =40 MaB H ru,m;mTY.n.e YCKO!)Rltlllero HaII!)RJKemm 
Ha ,DyaIITe 50 KB oTHocnTem,mm pa86poc B BJme]l:eHHOM ny'!Ke (.1 W /W) 
6yJl:eT He xyJKe,qeii 2,5.I0-8• · · 

TpeTI,H rnaBa nOcllill!leHa CHCTeMe OTKJIOHeHIDI nytIKa, KOTOPaJI 
Jl:OJIJKHa o6ecne'illBaTL BaXBaT nocne]l:Hero o6opoTa nyqKa c B08MOJKHO 
MaJWMR noTeIJRMR, OTKJIOHeHHe R TpaHcnopTHPOBKY nyt1Ka qepe8 none 
paccemIIUI MarHHTa QHKJIOTpOHa 6e8 cymecTBeHHoro YB8JIH'IeHIDI MaKCH
MaJILHHX . 3Haqemm pa8MepOB nytIKa R ero yrJIOBOH pacxo]l:H,OCTH Jl:O 
nepBoro (!)OKYCRPYltlllero aneMeHTa cncTeMH pa8BO,IJ.KH nytJKa 2 I. Tu:
BOJl: nyqKa H8 ll80xp0IDIO pacTymero nomr cymecTB8HHO 88Tpy]]:HeH. C 
yqeTOM 8Toro o6CTORTennCTBa 6Hna BH6paHa TaKM ~asa B086yJK,ILaeMUX 
KOJie6aHd, 'IT06H ny'IOK BXO]l:HJI B Ha'lano OTitJIOHRJOOtero Rattana C 
6onnmon: pa]]:HanbHOtt CKOpOCTLID no}]: yrJIOM K QeHTpalibHOtt OKPYlKHOCTH 
20!-30 MPaJl:. Crrnpa.JII,HM CTPYKTypa MarHHTHoro nom 6una pa8BePHYTa 
TaKHM o6pa80M, 'IT06H KaHaJI OTKJIOHRJOOteH CRcTeMH Ha'IRHaJICR Ba 6° 
Jl:O MHIDIMyMa MarHHTHoro noJUI. HCXO.IJ,l! R8 Heo6XO]l:HMOH opHeHTa1.11rn 
URKJIOTpOHa no OTHomeHHID K HMeltlllettcR B Hfli} JICAJI JIHHHR TpaHcnopTH
pOBRH BHBe]l:eHHOro nyqKa, npliillJIOCn BBeCTH npRHURmmnnmrn li8MeHeHIDI 
B pa8Memeime OCHOBHHX ysnOB YCKOPHTeJISI no cpaBHeHHID co cTapHM 
QRKJIOTpOHOM Y-120: BblCOKOqacTOTHllH pe80_HaTop 6un nepeHeceH Ha npo
THBOllOlIOl!tHYID CTOpOHY YCKOPHTelibHOH KaMepH,H Ha Tpaccy BRBO]l:a 6RJI 

llOMemeH ]l:OnOJIHHTelibHI:IB OTRJIOHRltlllmi MaI'HHT (cM.pRC .6; "a" - opHeH
TaURR yBnOB RJiaccl!'leCKOro QHKJIOTpOHa Y-120 B HHCTHTyTaX CTpaH
yqacTHHQ OIDM, "6" - opneHTaQIDI Y8JIOB H HanpaBJieHRe BRBO]l:a ny'!Ra 
QHKJIOTpoHa Y-I20M). 

a) 6J 
PHc.6 

KaK ynOMRHaJIOCb BH!lle, Jl:]'JI QRRnoTpOHa Y-I20M 6sna BR6paHa 
ITOJIHOCTLD 8JI8KTpocTaTH'I8CRM CHCTeMa Bb!BO]l:a. BecL BRBO]l:HOH RaHaJI 
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6HJI p83'AeJleH H8 TPH OT'AellLHHe ce:iaum, K8llt,DJ:l.H.H3 KOTOpHX npoBO,lJ;IIT 
nyqox qepea onpe'AeneHmtii ,lJ;llanasoH 83Hf.WTOB H pa,lJ;llyCOB c onpe'AeneH
HOii 38Bl'ICHMOCT!,JO IlOR838TeJilI MBrHHTHOro IIOJm n ( 'l ) OT pa,lJ;llyca." 
B COOTBeTCTBHH C 8THM pacnpe'Ae.ruIJOTCJI R cpymunm OT'AeJil,HHX ceKIUm 
OTRJIOHllJll.!eil CHCTeMH. IlepBBJI ceRUIDI npoRSBO,lJ;IIT B OCHOBHOM OTMOHe
Ime nyqRa H 'AOCTHllteHlrn HeycToil:qHBOil 06JlacTll ( 12 <-I), B TO Bpe
MH KBR BTOpaa: I:'[ TpeTLR ce:iaum CHCTeMH coa,naJOT ~ORYCHpynnae CHJIH 
OTHOCHTell!iHO ueHTpa pa'AI:'[8Jll,HOI'O 8MHTT8HC8 nyqxa, o6ecneqnBaJll.!He 
Pa.znIBJII,HYJOYCTQHqHBOCT!, ny'IR8 OTHOCHTeJI!,HO neHTP8Il!iHOti Tp8eKTOpHH. 
AKcH8Il!iH8JI YCTOH'IHBOCTL, C03'A8BaeM8JI CilB'ASJal!ID.! M8rHHTHHM IlOJleM, 
'AOJllltH8 npH 8TOM COXp8HllTLM. Ha pnc. 7 H306palKeH8 o6maa: CXeMa. 
pacnonoJKemm anm.1eHTOB cHcTeMH BHBo.na. 
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II I 
,.,,~· 

m/,---~1-~ I , ,· I ---
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, 

I 
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--- : I I ::r--. ---~-I -
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Pllc.7 

\ \\. \ 8 
\ . . 

KBR noRasan pacqe/ 4 .I, 'AOCTaToqHo BOcuom,aoBaT:EiM o,D;Ho~ 
~opMoi ceqeHWi aneRTpo~oB (c nouepeqHHMn pasMepaMn pa6oqeil o6nac
TH I,OxI,0 CM) Ha npOTRlltemm BCeX ceKIUm. Ha pHC.8 IIplrne'AeHa <pop
M8 IIOIIepeqHoro ceqemm aneMeHTOB OTMOHJIJll.!eii CHCTeMH. llcRJ1memrn 
COCT8Bl'IJI Haqall!imtii yqacTOR uepBOH ceKUI:'[H Rattana C 0,D;HOpO.IJlll,IM 
aneRTpliqecKHM IIOJleM H IlJIOCKHMH aneKTPO'AaMH, 'ITO Il03BOJJRJIO peanH-
30B8TL ~OCT8TOqHo TOHKllil: cenTYM (O,m + 0,05 CM). P~all!iHYIO H 
BepTHR8J1:EiHYJOWO:KYCHpoBKY nyqxa npn coxpaHeHmt HanpaBneHIDI BHBO.na 
MOlltHO H8CTpaHB8T!, H3MeHeHHeM COOTHOilleHM noTeHUH8JIOB Ha I- H H 
3- n cexuIDix cHcTeMH. 
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Pllc.8 

C llOMOIIU,IO Ha6opa IlO'AUpOrp8MM "KATRA" 6HJIO npoBe~eHO qncneH
HOe MO~enHpOBaHHe .I(HH8MHRH BHBO,lJ;llMOI'O nyqKa 'A7IlI qempex 3HaqeHHH 
8Heprd qaCTHU. Ha OCHOBBHHH nonyqeHHHX peaynLTaTOB 6HJIH onpe'Ae
neHH aneKTpl:'[qeCKHe H MexaUHqecRHe napaMeTpH OTKJIOIUIJll.!ero RaHana 
H OllTI:'[qeCKHe CB0:8CTB8 nyqKa B'AO.Il!, Tp8CCH Bt:IBO,na, B qacTHOCTH on
THMMLHaR: 83Hf.WT8Jll,H8JI npOTRlKeHHOCTL llllOOKOH qacTH nepBOH ceRUHH 
cocTaBHJla 4cP. B peimMe BHBO'AB npoTOHOB. c MBKCIIMam,Hoii imeprneil:, 
KOTOPHH RBMeTcR CBMHM TPY.IUIHM 'AM OTRJIOHRJll.!eil CHCTeMH, He06XO~H
MO no.naBBT!, Ha ee BHCOKOBOJILTHHe aneKTPO~ IlOTeHUH8JI - 90 KB npn 
3830pe Mellr.lzy IlJIOCKHMH aneRTpo,nar.m B Haqane I- ii: ceKUI:'[H 0,6 CM. 
IlOJIHHe pa3MepH nyqxa Ll 'l H .Ll~ Ha pa,lJ;llyce 7, =I50 CM ( TO'IK8 ti 3" 
Ha pnc.9) B 8TOM cnyqae paBHH 0,77 n I,55 CM, COOTBeTCTBeHHo. 
HecymecTBeHnoe yBeJII:'[qeHne paaMepoB nyqKa nponao~eT npn noHHlKe
HHH IIOTeHUHana c -90 KB ~o -80 KB. IlOHHlll:eHHe era 3HaqeHIDI 'AO 
-70 KB He~onycTHMO B CBll3H c pocToM·B OCHOBHOM ropH30HT8JI!,HOro 
pa3Mepa nyqKa. ~8Jl:EiHHe H BepTHK8.Jll,HHe 8MHTT8HCH nyqRa, npoxo
.nmnero qepe3 BCe TPH ceKUHH OTKJIOHlllllle:8 CHCTeMH, H306pallteHH H8 
pHc.9. 

qncneHHIIM pac'!eTOM 6Hna onpe~eneHa BeJIHq:irna Mcnepcnn 
( D :r:: A~W ) ~OJI!> mBo,D;Hoii TpaeKTopmr. Ilp11 , =150 CM ee 3Ua
qeHtte CO~T~HnHBT 0,6 L. 

B qeTBepToil rnaBe MCC8PT8UHH paCCMOTpeHH OCHOBHHe aneMeHTH 
8KCHM!iHOro HHllteKTOpa (HHl)J18KTOp H RaHaJI TpaHcnopTHpOBRli HHllteRTH
pyeMOI'O nyqRa), npeMollte11a o6mruI cxeMa IDilKeRTopa n onpe~eneHH oc
HOBHHe rrapaMeTpH paccMaTpHBaeMOH CHCTeMH. 
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UeHTpa,rr,Hrui: o6JiaCTb MaI'HllTHOI'O IIOIDI cqiopMHpOBaIIa TaKRM o6-
pa30M, tJTO ;nJilI aRCli8JibHO liHllteKTlipyeMoro IIYtJKa B o6rracTH KpllllleK 
YCKOpHTeJll,HOtt KaMeps OCT8BJieHO oceBoe OTBepcTRe ,llltaMeTpOM I,4 CM. 
Ilo 3TOtt IlpHtJHHe HaH60Jiee nerrecoo6pa3HO HCII0.1ll,30B8Tb ,ItJifI OTRJIOHe
HHII IlyttKa B cpe,Il!Illll IlJIOCKOCTb IlliIUIOTpOHa CilHpaJibHHli HHPJieKTOp 
TaROI'O THna,Ratt Ha IJ;l!:RJIOTpOHe B I'peHo6Jie, IlOCKOJIDRY TOJibKO BTOT 
THn nHI>neKTopa cnoco6eH 6es ~onoJIHHTe.m,Hllx Tpy,IlHocTett o6ecnetJllTb 
HYJKHY!ll ueHTpOBRY UYtJRa. Ms YCJIOBHK corJiaCOBaII:ruI ero 8MHTTaHCa C 
BMHTTaHCOM IJ;l!:RJIOTpoHa norrytJeHll cne.nynt!lfe napaMeTpll: KHHeT:ll'IeCKrui 
BHeprruI HHlteKmpyeMWC npOTOHOB npn MaKCl'lM8Jll,HOM ypoBHe MaI'HlITHO
ro IlOJDl \,\q =30 IteB, sasop MelK,Ily BJieKTpO~aMl'l IDiqJJieKTopa-0, 825 CM 
n MaKcRMa,rr,Hlltt BMliTTaHc O'l'KJIOHl!eMoro nyqKa-I3IO MM.MPM• 

B Ka'l'.eCTBe CIICTeMli TpaHCIIOpTHpoBRH IDixteKTHpyeMOI'O IlyttKa 
BH6paH HenpepllBimil 3JteKTpOCTaTHqeCKHfi cm1paJ1 bHUf;i KBa,I\pynOJib (CM. 
pHc.IO), o6na.nallJlll:IH 6onbmiM sHa'l'.eimeM aKcenTaHca (6onee tteM 
ICOO MM.MPa~ npH ,IJJiaMeTpe oceBoro OTBepcTM B aneKTpoMarHHTe 8 cM) 
H npocTOTOR KOHCTpymnIH. 

Pile.ID 

i 
l: 

@ 
~ 

Ero BJI8KTpO,llJ,l MOryT 6llTb BHilOJIHeHll B BH~e tJeTspex KpyrJillX npoBo.rr;. 
HHKOB (~ 0,44 + 0,50 CM) c ttepe,IJyJlltll:MCJi IlOT8Hlll:IaJIOM ± Vo ,KOTOpse 
'l'.eTHpI>M!l cmrparrm.m OKPYlElUJT IJ;l!:JIHH,JW:ll'Iecm pa6otJHR 06'!,eM. C ytte
TOM napaMeTpOB HHqlJieKTopa no~o6palill napaMeTps CnHpa.1ll,HOI'O KBa,JWY-
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rroM (mar crrupaJru 7, 7 cM, rroTemni:M 4 ,23 RB, pa,zmyc pa6otteii 06-,;· 
nacTll 0,55 CM), o6ecrrettUBalllltlle nepeHOC nyttRa C ,l03JMepHHM 8MHTTaH
COM 1360 MM.Mpa~. MarHHTHOe rrone Ha OCll llHlKetmHll rrpu Ma.RCIDll8JII,HOM 
TOKe BOS6ylK.I(eHIDI .. aneRTPOMaI'HllTa ~OCTUraeT BeJIWimru ""I, 5 RI'c, 'ITO 
~aeT HesHattHTeJil>Hmi BKJi~ B o6mee qioRycupylOlllee ~effcTBue aneRTpo
cTaTll'!ecRoro RaHana. tfacnemmii pactteT ~BMHRll llHlKeRTHpyeMoro 
IIY'!RB B crrnpafilHOH CllCTeMe C ytteTOM paccemmoro MBrHllTHOI'O ITOJifl 
IIO~TBep,zm,r rrpaBitnl>HOCTI, aHaJIHTHtteCRJUC pesyJII,TBTOB. 

B tteTBepTofi rnaBe paCCMOTpeHO TaRlKe ~e6aHtIHPYlllllee ~eilCTBlle 
,:teCTRajJ0Ryc11pyKI11eii CllCTeMN, ROTOpoe -rrporropQMOHaJII,HO ~mrne ~e~o
r,oro YTI_acTRa rpyrrmipoBaTeJifl. qT06li ID/18TI, BOSMOlKHOCTI, C ITOMOml>TO 
rpyrrn11poBaTeJifI qiopMupoBaTI, llHT8HCHBHlle HOHHlie CI'JCTRII rrpOTJilKeH
HOCTI,lO ~ro0, ueo6xo~o pasMecTUTl> rpyrrm1poBaTen1, B JipMe aneRT
po~arunm, pas~ennB crrupanl>Hmi RB~pynofil ua ,103e ttacTH. 

B IIJITOH rnaBe OIIHCBHll pesyn1,TaTli a~crr711MeHTOB c CllCTeMott 
Bimo~a Ha nsoxpoHHOM uurrnoTpoHe Y-I2ol • PemaJmmr,11 aTarroM ~M 
rrponepRH pa60TOCIIOC06HOCTM nceii CHCTeMli CTIMTanOCI, BOs6ylK.I(euue pa
~HaJII,lillX ROJre6anllii :n BhlBO~ IIYtIRa .I03ywI nepBliMU ceKUIDIMH OTRROHJIJO
meii c:ncTer.iu. fuJIH npoM~eHH BHsyafilHHe ua6mo,nemm ycRopeHuoro 
IIYtIRa.rrpOTOHOB Ha RBapueBOH Mlllll8HH, sa:itperrneuuott B ROHUe rrepBOH 
ceRUUH ua ee saseMJieHHOM aneRTpo~e (cM.puc.II, r~e MH1lleu1, o6Be~e
ua RPYlKROM),u IIORYtteH OTrreqaTOR OTRJIOH8HHOrO nytIRa (cM.puc.I2). 
B pesyJII,TaTe pa6oru c ITy'IROM MOlKHO c~eJiaTI, cne.riylCil!lle BhlBO,!ll:l: 
I) CllCTeMa B036ylK,I(eHM ROrepeHTHllX pa,!UiaJII,HllX ROJie6aullii pa6oTaeT 
HOpManl>HO; 2) IlY'!OR MOllteT 6HTI, OTRROHeH rrepBOH ceRQueff c op6:nru 
B 06JiaCTI, CIT~~Klllero MarHHTHOI'O IIORJI ( .n <-I); 3) BhlBO~ nytIRa 
~O pa.zmyca 57.CM OCYIIl8CTBJ!JleTCJI C ajxpeRTHBHOCTI,D mme 70%. 

HeCROJII,RO BOIIPOCOB, HM8ICil!HX BCITOMOraTeJII,!illlt xapaRTep, OIIH
caHH B mecTH IIpHJIOlK8HHJIX. B IlpllROlKemmx AH E ~HH OIIHCrHJI ~BYX 
MeTo~oB pactteTa ,miyMepHHX aneRTpocTaTWiecrooc rroneW 6 • IIpn,ro
lKeuue B CXeMaTll'IeCRH OIIllCliBaeT 6ofilmyro CllCTeMy_MO.J.1Y!ll,HllX rro.nrrpor
PBMM "KATRA" (6onee 7000 rreppoRapT), c noMOml>EJ KOTOpoil 6uno npo
Be~euo 60Jll,l!IllHCTBO orrncauHWC ttucneHHHx pactteToB • .n,m HHTerpHpoBa
HHJI ypaBHeHHli ,!UlHlKeHM B 8TOtt CHCTeMe 6UJI UCIIOJII,30BaH M6TO~, OIIH
caume ROTOporo ~HOB npMOlKeHUu r: B IIPHROllteHUH l paccMOTpeHO 
BOS6ylK.I(eHUe RllHefiHOI'OOClUIJIJIHropanepHo~ecKOfi cunoi c JIHHettHo 
nsMeHJIItlllHMHCJI aM!lJIHTy~on n qiasott, 'fl: B rrpunolltemm E npuBe~euu pe
syn1,'i'aTu tt~cneuuoro pactteTa rro orrpe~enemrro aneRTpocTaTll'!ecRoro 
IIOJ,IlI'crrnpmuoro RBa,npyrroM. 
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FPrc.I2 

OcHOBHHe pesym,Ta'm HSJIO!tem-mx B ,Itl!CCepTatnm pa6oT CBO,ItllT-
CH K cJie,ey!llleMY: ... 

I. IIpoBe,neH aHaJms cymecTeymmx cHcTeM BHBO.lt!l nyqxa HS Iij!K
JIOTpOHOB. C.I(eJiaHO COIIOCTaBJieHHe RX B03MOlltHOCTeil: C Tpe60BaJIT/11IMR K 
WBO.I(HOii CHCTeMe H30xpOHHOrO rnm.,roTpoHa Y-I20M. Ha OCHOBaHHH rrpo
Be.I(eHHoro aHrumsa rrpe.I(JiollteHa cxeMa peaJIHsalij!H BHBO.I(Horo ycTpoitcT-
Ba Y-I20M. . 

2. C.iteJiaH o6sop cymecTBYllllHX cHcTeM BHemHeil: mmero~rn, 
rrpHMeHHMHX .ItlilI nmtJIOTpOHa Y-I2CM. B xaqecTBe H!m6oJiee appeKTliBHOil: 
Bll6paHa 8KCH8JU,HM HHXeKI:tWI HOHOB co CIIHpaJII,HHM HH~JieKTOpOM B 

neHTpe YCKOPHTeJ!l!. 
3.·B pe3ym,TaTe 8Ha.lIHT~eCKOrO paCCMOTpeHruJ IIpe.I(JIO!teHa 

KOHKpeTHM CliCTeMa B036yx.n;eHM KOrepeHTHHX KOJie68Hd YCKOpeHHOro 
rryqKa SJieKTPOCTaT~ecmn.m IIOJIIIMl'I, peaJIHsyeMHMH C IIOMOlll!,JO lUJYX 
SJieMeHTOB - "Bos6y,nirTemr" H "KOMIIeHcaTopa". . . 

4. BmoJIHeHo qzcneHHOe MO.I(eJIHpoBaHHe Ha 3BM rrponecca BOS-

16 

6yx.n;eHM KOrepeaTHHX KOJie6aHmi rryqita rrpe.I(JIOEeHHOil: CHCTeMOil: SJieKT
pocTaTzqecIDIX IIOJieil:. B pesyJibTaTe HCCJie,1tOBaH pll,lt CBOACTB CHCTeJ.m 
H nonyqeHll naplllleTpll BosOµ,naeuoro nyqxa. 

5. C IIOMOlllbD qzcJieHHllx pac'!eTOB Ha 3BM orrpe,neneHll 
SJieKTpll'lecirn:e H MexaHH'leCKHe napaMeTpll OTKJIOH!Ill]leii CliCTeM!l ,a 
TaKJB:e OIITH4eCKHe CBOttCTBa OTKJIOHeHHOro nyqKa B,!tOJlb TpaCCll BllBO,!ta. 

6. IIpoBe.I(eHll 8Ha.JrnTHqeCKlie liCCJie,noB8HM crmpam,Horo SJieKT
pocTaTl'!tlecROro KBa~ynoJIR:, KOTOpllii npe.I(JiaraeTCH npHMeHHTb B Ra
qecTBe CHCTeM!l rpaHcnopTlilpOBRH 8KCHaJll,HOro HHl!teKTOpa. IIpoBe,neH 
KOHTpOJibmra pacqeT Ha 3BM onTH'lecmnc CBOilCTB npe.I(JloJKeHHOil: CHCTe
Mll. 

7. IlpoBe.I(eH qncneHID:rn: pac4eT napaMerpoB Been cHcTew HH

:iteKQmr, B TOM qncne n BBe.I(emmx B Hee cornacyIOOtirx sneMeHTOB. 
rJiaBHOe Tpe6oBrume, KOTOpoe npH pac'!eTe npe,1t'bHBJI/IJIOCb K CHCTeMe,
npoBeCTH HHXeKTHpyeMHtt nyqoK B Me,!tHaHHYID IIJIOCKOCTb ycxopHTeJibHOtt 
Ka.Mepbl Oes norepb, C B03MOllrHO Ma.KCHMaJ!bHill.! 3MHTTaHCOM. 

8. PaspaOOTaHll .I(Ba MeTO.I(a pacqernoro orrpe,neJieHHH qJOpMll 
SJieKTPO.I(OB, 003.I(aIOOtiiX SJieRTpli'leCROe none C 38.I(8HHllMH napaMeTµlMH • 
CocTaBneHa rrporp8M111a .ItlilI peamrnanm1 06011:x MeTo.v;on Ha MaJIOil: 3BM 
"Hanpu-2" c Herrocpe.v;cTBeHHllM ITOCTpoeHHeM ROHqJUrypannn SRBHIIOTeH
nnaneii Ha rpaqionocTponrene. 

9. Brne.v;eHa cep,m qiopr.wn .ItlilI qncneHHoro nHTerpnpoBaHIDI 
ypaBHeHHii .I(BH:iteHUH, .lt!llClllaJI .I(OCTaTOqffO BllCOicy'JO CKOpOCTb ~HCJieHHil: 
B IIOJie QUKJIOTpOHOB TUIIa Y-I20M. Cos,naHa CUCTeMa MO,eyJII,HllX IIO.I(
rrporpm,!M "KATRA" .v;mr Mo.v;ennpoBaHM .I(HHaMHKH .I(Bmtemm qacTun B yc
KopnreJie. Ilo,n;rrporpar.~ HarrncaHH Ha H31lRe l{epH-<IiopTpaH n npHMeHII
JIHCb Ha 3BM IDCM-6. 

IO. 3KcnepnMeHTaJibHO no rryqey npoBepeHa pa6oTa cncTeMll 
B030YJK,l{emm KOrepeHTHllX pa,nnam,Hllx KOJieOaHHH H oneHeHa ajxlieKTHB
HOCTb BllBO.I(a B030ylK,I{eHHoro nY'JKa I- il ceKQHeil .I(eqJJieKTOpa. HecMOT
PII Ha npncyTCTBHe I- il rapMOHHKH MarHUTHOro noJISI,MOlKHO C4HT8Tb 
XOpOl!IHM COBIIa,I(eHUe ITOJIY'leHHllX pesyJibTaTOB 'C OlKH.I(aeMIIM ajxlieKTOM. . 

OcHOBHHe pe3JJibTaTH .v;nccepTanHU orryOHHKOBaHll B pa6oral1-?I 
~OKJia,IUIBaJIHCb Ha rr,m,IY Pa6oqnx COBellaHIDIX OIDrn: no H30xpOHHOMY 
QUKJIOTPOHY Y-I20M, Ha 6- il MeJK,eyuapo.I(HOH KOHqiepeH!lUII no H30xpOH
HHM QI1KJIOTpOHaM B lliHKyBepe (I972r.). a TaKlite Ha y Bc::ecoJ03HOM 
coBemamrn no ycKopuremrr-1 saPSillteumx qacrnn B ,lJy6He (I975r.). 
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