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EoKOB r .A. H AP· P9 - 10399 

6hiCTpbii!: BbiBOA ny'IKa H 91'0 COBM9lll9HH9 C MeAneHHbiM B OAHOM 

uuKne ycKopeHHSI aa cuaxpotflaaoTpoae OHHH 

OnucaH 6biCTphii!: pesoaaHCHbii!: BhiBOA npoTOHOB H nerKHX S!Aep H3 

CHHXpocjla30TpOHa, pa3pa6oTaHHbli!: AnSI aKcnepHM9HTOB C KaMepHOi!: MeTOAH

KOi!:, .llnHTenbHOCTb Bb!BOAS COCTaBnSieT OKOnO 600 MKCo 

YcTpOi!:CTBa A03HpOBKH AS~T B03MO~HOCTb CHH3HTb HHTeHCHBHOCTb 

BblB9A9HHOI'O ny'IKS AO ypOBHSI1 He06XOAHMOI'O AnSI pa60Tbl DY3blpbKOBblX Ka-

Mep. 

nony'leH pe~HM1 D03BOnSI~IUHi!: npOH3BOAHTb B OAHOM UHKne 6biCTpbii!: 

H MeAneHHbii!: BblBOAbl KSK npH OAHOi!:, TaK H npH pa3HblX aaepi'HSIX yCKOpeH

HbiX 'ISCTHU, ~ 

Pa6oTa BbiDOnHeHa B na6opaTOpHH BblCOKHX aaeprul!: OHHH. 

Coo6Uleaae 06'J.e.ABHeHaoro aac:TBTYT& a.11epawx accne.DoB&HBi. )J.y6ua 1977 

Bokov G.A. et al. P9 - 10399 

Short Beam Extraction and Its Conjunction with 
Slow One per Accelerating Cycle at the JINR 
Synchrophasotron 

The short resonance extraction of protons and light 
nuclei from the JINR synchrophasotron for bubble chamber 
experiments is described. The extraction duration is about 
6oo ,.s. 

The dosing equipment permits one to reduce the inten
sity of an external beam to the level required for the 
bubble chamber operation. 

The mode is obtained performing short and slow extrac 
tion during one cycle of acceleration both at different 
and the same energy of acc•lerated particles. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1977 
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BBB,4BHHB 

IlpOBO,IlHMOe B rrocne,llHBe rO,Ilbl B COOTBeTCTBHH C rrpo· 

rpaMMOH HCCne,llOBaHHH ITO pen.IITHBHCTCKOH .ll,llepHOH 4IH3HKe 

ycosepweHCTBOBaHBe CHHxpo4la3oTpoHa BKnroqaeT pa3pa-

60TKY CHCTeM BbiBO,Ila, IT03BOn.IIJOIUHX C BbiCOKOH 3cWleKTHB· 

HOCThiO HCrrOnh30BaTh nyqKH pen.IITBBHCTCKHX .ll,llep. 

Ilocne BBe,lleHH.II B ,lleHCTBHe CHCTeMLI, o6ecneqHBaJOIUeH 

Me,llneHHLiii BLIBOJl 6onee 90o/o ycKopeHHoro nyqKa /1,2 I, Ha 

CHHxpo4la3oTpoHe 6Lina pa3pa6oTaHa CHCTeMa 6LicTporo 

BLIBO,Ila, KOTopa.ll ,llaeT B03MO)I(HOCTh o6nyqaTh ITY3LIPhKOBble 

KaMepLI npoToHaMH H nerKHMH .IIJlpaMH. B nocne,llHeM cnyqae 

,llnHTen&HOCTh BbiBO,Ila He ,llOn)I(Ha npeBLIWaTh HeCKOnhKHX 

COTeH MKC rrpH HHTeHCBBHOCTH 10·20 qacTH:U B HMrryn&ce. 

IlOCKOnhKY CXeMa O,llH0060pOTHOrO 6LICTporo BLIBO,Ila 

c npe,llsapHTen&HLIM OTKnoHeHHeM ycKopeHHoro nyqKa y,llap

HhlM MarHHTOM /KHKepoM/ npaKTHqeCKH HerrpHeMneMa ,lln.ll 

cna6o4loKyCHPYJOIUero ycKopHTenJI, 6Lina paccMoTpeHa so3-

MO)I(HOCTh HCrrOnh30BaHH.II pe30HaHCa Q x= 2/3 ,lln.116LICTpO· 

ro 3a6poca qaCTH:U B BbiBO,IlHOH MarHHT. 

PacqeTLI noKa3anH /3/ , qTo speM.II pa3BHTB.II pe3oHaHca 

rrpH CKaqKoo6pa3HOM H3MeHeHHB qaCTOTbl pa,llHan&HbiX 6eTa· 

TpOHHbiX KOne6aHHH COCTaBn.lleT -50 MKC. 3TO 3HaqHTen&HO 

MeH&we Tpe6yeMoro speMeHH BLIBOJla H, cne.nosaTen&Ho, 

ITOCTaBneHHYIO 3a,llaqy MO)I(HO peWHTh, ,llOCTaTOqHO 6LICTPO 

H3MeH.II.II rrOKa3aTen& rrOn.ll B yCKOpHTene C ITOMOIUhiO HMrryn&· 

Ca TOKa B nonJOCHLIX o6MOTKaX /P 1/ ynpasneHH.II qaCTOTOH 

6eTaTpOHHLIX KOne6aHBH. 
HanpasneHHe KaHana TpaHcnopTHpOBKH BLIBe.neHHLIX qa

CTH:U orrpe,llen.llnOCh pacnono)l(eHHeM 3,1laHHH, B KOTOpbiX 
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ycTaHosneHw nponaHosa~ a so~opo~Ha~ xaMepw, qyo co
OTBeTCTByeT BWXO~y nyqxa R3 YCXOpRTen~ B XOH:Ue nepsoro 
XBa~paHTa /puc. 1/. 3TO 06CTO~TenLCTBO R OpReHTallH~ 
clla3oswx TpaexTopai npa pe3oHaHce Ha a3&MyTax nepsoro 
R BTOpOrO np~MOnRHeBHWX npoMe>KyTXOB ~~ CYJlleCTBYIOIIlei 
non~pHOCTR 06MOTOX CeXCTYDOnLHOrO B03MYJlleHR~ /P2/ 
onpe~enana pacnono>KeHae MarHaTa-~eclmexTopa /MlJ./ B 
DepBOM np~MOnRHeiHOM DpOMe>KyTXe Ha BHyTpeHHeM pa~y
Ce, T.-e. R < R 0 /r~e R 0 - pa~ayc :ueHTpanLHoi pasHo
secHoi op~Tw ycxopaTen~/. Tax xax B ny3WpLxoswx 

,.___; 

Puc. 1. CxeMa 6wcapozo u Mec}.lleHHozo 6W6oc}o6 nep6U'IHozo 
nyt~Ka U3 CUHXpO(/ia3oapoHa OJUIH. JIY - .IIUHerlHIIIU YCKO· 
puae.1111; M,4 - MazHua- c}etJAeKaop 611acapozo 6bl6oc}a; ~M -
cenayM· MOZHUJI Mec}.lleHHOZO 61116000; ~JI • .IIUH3Q Mec}.lleHHO• 
zo 6bl6oc}a; IIII - MexaHU3M nepeMeUieHUJI nep6or'1 cayneHu; 
.BB - Hanpa6.11eHue 6biCIIPOZO 6bi60c}a; BM, BJI - MOZHUJI 
u .IIUH3a 6aopou cayneHu; PM - pa300JIO'IHblrl MazHua; 
MB - Hanpa6.11eHue Mec}AeHHozo 6bl6oc}a; TB-1, TB-2 -
ae.lleKaMepba; HHK- B, HHK-1 - npo60.IIO'IHble UOHU30IIUOH
Hble KaMepbl. 
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xaMepaX RCDOnL3yeTC~ JIRIUL He3Haq&TenLHaJI qacTL RH· 
TeHCRBHOCTR ycxopeHHOrO nyqxa, B ~aHHOM cnyqae He Tpe• 
6yeTC~ BWCOXOrO X03~RilReHTa BWBO~a R, Cne~OBaTenLHO, 
6onLwoii rny6RHW 3a6poca qacTR:U s 3a3op swso~oro 
MarH&Ta. llo3TOMY 6wn paccMoTpea sapaaHT, o6nerqarolllRi 
peweHae pJI~ Texaaqecxax 3a~aq - pacnono>KeHae M,D; aa 
xpa10 pa6oqei o6nacTR non~ ycxopaTen~. qyo no3Bon~eT 
c~enaTL ero Heno~R>KHWM B TeqeHae :uaxna. Taxa~ cxeMa 
6wcTporo swso~a peanR3osaaa I 4, 5/. 

~~ DOBWWeHR~ 3~eXTRBHOCTR pa60TW YCXOpRTen~ 
:uenecoo6pa3HO Me~eHHWI R 6WCTpWI BWBO~W npOR3BO~TL 
s o~HOM llRXne. B cnyqae pa6oTw c pa3HWMR 3Hepra~MR 
nyqxa Tpe6yeTc~ nocne~osaTenLHoe BKnJOqeHae cacTeM 
Me~eHHOrO R 6WCTpOrO BWBO~OB Ha COOTBeTCTByiOIIlRX 
yposa~x MarHRTHoro non~ ycxopaTen~ I puc. 2a, 6/. llpa 
3TOM ODTRMMLHWi pe>KRM xa~Oi R3 HRX HaCTpaasaeTC~ 
He 3aBRCBMO. 

L;l H · : tl .. 'H I ~: 
P• ~ .t 

2 

t 

t '-::----+-'--+---

I II\ I t, 

Puc. 2. Pea.IIU306aHHwe pexuMw co6MellleHUJI6 oc}HoM IIUK
.IIe 6wcapozo u Mec}.lleHHOZo 6W6oc}o6 nyt~Ka.B0- MaZHUJIHoe 
no.11e 6 ycKopuae.lle, J MBu Jss- aoKu nyt~Ka Mec}.lleHHozo 
u 611acapozo 6W6oc}o6, cooa6eaca6eHHO. 
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TeXHB'IeCI<B 6onee Tpy,D;HO BWDOHHBMO COBMe~eHBe 
,D;ByX BWBO,D;OB npB O,D;HOB 3HeprBB, DOCI<OHLI<Y o6a npo.u;ecca 
,D;OIDKHW OC~eCTBHJITLCJI 3a BpeMJI O,D;HOrO CTOna rnas
HOrO TOI<a, ,D;HBTenLHOCTL I<OTOporo COCTaBnJieT 0,5 C 

I puc. 2e, zl. 3To speMJI ,D;OIDKHO 6WTL Mai<CBManLHO Be
DOHL30BaHO ,D;HJI Me,D;neHHOrO BWBO,D;a. e ,D;pyroii CTOpOHW, 
ocso6o~eHBe pa6o'leii o6nacTB I<aMepw yci<opBTenJI, T.e. 
nepeMe~e~Be MaCCBBHOB nepBOB CTyneHB IT .H. c}lopCTy
neHB We /6 / , COCTOJI~eii B3 cenTyM-MarHBTa B HBH3WI 
B Hepa6oqee nono)KeHBe 3aHBMaeT 3Ha'IBTenLHYIO 'laCTL 

cTona B, cne.nosaTenLHO, npai<TB'IeCI<B npaeMneMwM JIBnJieT
CJI pe)KBM, lfpB I<OTOpOM BO BpeMJI 6wcTporo B Me,D;neHHOrO 
BWBO,D;OB we OCTaeTCJI B pa6o'leM DOHO)KeHBB. 

Mo.nenaposaHBe ,D;BB)KeHBJI 'laCTB.o; Ha 3BM B npose.neH
Hwe 3I<CnepBMeHTial D03BOHBHB peWBTL DOCTaBneHHYIO 3a,D;a
'IYj DpB 3TOM YAOBneTBOpeH pJI,D; )KeCTI<BX Tpe6oBaHBB 
I<ai< CO CTOpOHW Me,D;neHHOrO, Tal< B 6WCTpOrO BWBO,D;OB. 

PACqBT ,4BH)J(BHH.H qACTlf# B YCKOPHTBJIE 

DbiCIIIPbli'i ebreoo. IlpB pac'leTe c}la3oswx Tpaei<Topaii 
6eTaTpOHHWX I<One6aHBB npB 6WCTpOM BWBO,D;e 6WnB Haii
,D;eHW o6nacTB ycTOB'IBBOCTB, cooTBeTCTBYIO~Be Q x = 2/3 , 
a accne.nosaH xapai<Tep 3a6poca 'laCTBD; B M,D; .nnJI nono
>KeHBB op6BTW .u;api<ynapyro~ero ny'II<a OT Ro .no R 0 - 330 MM. 
Pa6o'laJI o6nacTL I<aMepw CBHxpoc}la3oTpoHa cocTasnJieT 
B pa.naanLHOH nnoci<OCTB ±630 MM. Hcxo.nJI B3 3Toro, npa 
swnonHeHBB pac'leTOB I<paii 3a3opa M,ll; c y'leToM 3c}lc}lei<TBB
Hoii Ton~BHW ero cenTyMa 6wn B3JIT Ha R0 -620 MM. Pac
'leTw, swnonHeHHwe no nporpaMMe MFIELD / 7 I .nnJI 
nonJI yci<opBTenJI B0= l'I, noi<a3anB, 'ITO ecnB op6BTa Haxo
,D;BTCJI Ha R0,3a6poc ny'II<a Ha x =-600 MM ocy~eCTBBTL 
He y.naeTCJI I puc. 31, T .I<. B npo.u;ecce pe3oHaHCHoro pocTa 
aMnnBTYA 'laCTB.o;w, npe)K,D;e 'leM .nocTBrHyTL M,D;, 6y.nyT 
noTepJIHW B Hapy)KHOB Hepa6o'leii o6nacTB I<aMepw. Bwno 
Haii,D;eHO, 'ITO 3a6poc DpOBCXO,D;BT npB DOHO)KeHBJIX op6BTW 
ny'II<a so BHyTpeHHeii o6nacTB I<aMepw, Ha'IBHaJI c R 0 -
70 MM. 

e y'leTOM 
ny'II<a I ~P /p 0 
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BMnynLCHoro pa36poca .u;api<ynapyro~ero 

= ±2 ·10 - 4 I 6wna nony'leHw cne.nyro~Be 
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Puc. 3. PaouaAbHbre ~30ebre mpaeKmopuu "'acmu14 e ycAo
eu.Rx pe3oHaHca Q x = 2/3 Ha a3uMymax (JopcmyneHu /a/ 
U MQZHUIIIQ- Oef/JAeKIIIOpa /6/ npu pa3AU"'HbiX nOAOJICeHUJIX 
op6umbr ny"'Ka: R(V"moK e P 1, coomeemcmey10J11Ui'i Ha"'aAy 
ebreooa - 40 A/; R 0 - 140 MM /moK - 28 A/; R 0 - 330 MM 
/moK- 4,6 A/ . 

napaMeTpw Ha sxo.ne M,D;: Mai<CBManLHaJI rny6aHa 3a6poca 
COCTaBnJieT 60 MM, cpe,D;HHH yron - OT 1 ,D;O 3 Mpao, MrHO
BeHHbiH yrnOBOH paCTBOp - OKOno 1 Mpao. 

113 c}la30BLIX .naarpaMM I puc. 31 BHAHO, 'ITO c yMeHL
weHBeM pa,D;Hyca op6BTbl Tpe6yeTCJI CHH)KeHHe TOKa B 06-

7 



MOTK8X C,IJ;BHra '18CTOTW, 06'hJICHJieMOe X8p8KTepOM 38BHCH· 

MOCTH BOK838TeJIJI BOJIJI OT pa,II;HyCa /a/. fipH 3TOM yBeJIJI• 

'IHB8eTCJI HeJIHHeRHOCTb ~30BWX TpaeiCTOpHR, 'ITO, O,IJ;H8KO, 

He JIBJIJieTCJI cy~eCTBeHHWM ,IJ;JIJI 6WCTpOrO BWBO,IJ;8, no· 

CKOJILKY B ,11;8JIJ.HeiimeM Tp8HCBOpTHpyeTCJI TOJibKO Y3K8JI 

'18CTb BY'IK8. 

,ZJ;JIJI OTKJIOHeHHJI By'IK8 npHMeHJieTCJI M8rHHT C rpa,IJ;HeH· 

TOM, npH'IeM 3H8K rp8,11;HeHTa T8KOB, 'ITO BY'IOK B M8rHHTe 

,~~;e4JOKYCHpyeTCJI, 8 3TO npHBO,IJ;HT K He06XO,IJ;HMOMY CHH)J(e• 

HHIO HHTeHCHBHOCTH B K8H8Jie 6WCTpOrO BldBO,IJ;8 lnpHJIO• 

)J(eHHe 11. fioKa38 TeJIL BOJIJI B M8rHHTe COCT8BJIJieT n =80 

H C03,11;8eTCJl--'I(OH4JHrypa~HeR BOJIIOCOB. 

,D;JIJI swxo,~~;a ny'IKa Ha 3a,IJ;aHHOe HanpasJieHae, onpe

,~~;eJIJieuoe pacnoJio)J(eHHeM 3KcnepaMeHT8JILHOro o6opy,~~;o
saHHJI, He06XO,IJ;HMO, 'IT061d H8 83HMyTe ¢=TT/2IB KOH~e 
nepsoro KB8,11;p8HTal KOOp,II;HHaT8 H ropH30HTaJibHWR yrOJI 

BldBe,IJ;eHHOrO BY'IKa COCT8BJIJIJIH 225 CM H 250 Mpa(), CO· 

oTBeTCTBeHHO. BeJIH'IHHa noJIJI s M,D;, o6ecne'IHBaJO~JI 
Tpe6yeMoe oTKJIOHeHHe, cocTaBJIJieT 1,002 T. B npHJIO

)J(eHHH 2 npHBe,IJ;eHa TpaeKTOpHJI OCeBOR 'laCTH~W BldBe,IJ;eH· 

Horo ny11Ka B,IJ;OJIL nepsoro Ksa,~~;paHTa. 

MeC>/leHHbiU u 6brcmpbiU ebreol>bl npu ol>Hou 3Hepzuu. 
113 paCCMOTpeHHJI 4Ja30BidX TpaeKTOpHB H8 83HMYT8X YCKO· 

pHTeJIJI, nonapHO C,IJ;BHHYTLIX H8 r;/2, CJie,IJ;yeT, 'ITO '18CTH~W 
MOryT BXO,IJ;HTb B 3830p M,ZJ; H npH BBe,IJ;eHHOB B pa60'IYIO 

o6nacTL Kauepld fi»C. TaK, ,IJ;JIJI noJIO)J(eHHJI op6HTW Ha R 0 
- 140 MM 3a6poc ny'IKa s M,D; npoHCXO,IJ;HT; O,IJ;HaKo, '1To6w 

nepsaJI cTyneHL Me,~~;neHHoro Bldso,~~;a He "nepexsaTidsana" 

'IBCTH~Id npa HX pacKa'IKe s npo~ecce 6wcTporo BLIBO,IJ;a,ee 

pa6o11ee noJio)J(eHae Heo6xo,IJ;HMO H3MeHHTL I puc .31 .lhMeHe

HHe BOJIO)J(eHHJI fi»C C X =350 MM H8 X =400 MM B03BOJIJieT 

6ecnpenJITCTBeHHO HanpasJIJITL ny'IOK KBK B M,D;, TaK .11 

B CI>C. ,Z1;8JIJ.Heiimee H3MeHeHHe p8,11;H8JibHOro BOJIO)J(eHHJI fi»C 
I x > 400 MMI He~enecoo6pa3HO. H3 pac'leTos cne,~~;yeT, 
'ITO B 3TOM CJiyqae ,IJ;JIJI o6ecne'leHHJI HOpMaJibHOR rJiy6HHW 

386poca BY'IK8 B fi»C 1170 MMI Tpe6yeTCJI 3H8'1HTeJibHOe 

yMeHJ.WeHHe TOK8 B 06MOTK8X CeKCTYBOJibHOrO B03M~eHHJI, 

'ITO npHBO,IJ;HT K pe 3KOR 38BHCHMOCTH rpaHH~w ycTOR'IHBWX 

8MBJIHTY,IJ; 6eTaTpOHHWX KOJie6aHHR OT paCCTpORKH H, CJie· 
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,II;OBaTeJibHO, K 6oJiee )J(eCTKHM ,IJ;OBYCK8M H8 CT86HJibHOCTb 

napaMeTpOB CHCTeMW Me,IJ;JieHHOrO BWBO,IJ;8. K TOMY )J(e npH 

yseJIH'IeHHH pa,II;HaJILHOR KOOp,II;BH8 Thl 4'C Tpacca ny'IK8 BO 

BTOPOM KBa,!J;p8HTe npOXO,IJ;HT 06JiaCTb Kpaesoro BOJI.B YCKO • 

pHTeJI.B, HMeJO~ero CHJILHYJO HeJIHHeRHOCTb, 'ITO yBeJIH'IHB8eT 

34l4JeKTHBHWR 3MHTT8HC BWBe,IJ;eHHOrO ny'IK8. 

Pac'leTw noKa3aJIH, 'ITO aunJIHTYAY ceKcTynoJIJ.Horo 

B03M~eHH.B B KB8,11;p8HT8X yCKOpHTeJI.B, OBTHM8JibHYJO ,IJ;JI.B 

Me,IJ;JieHHOrO BWBO,IJ;8, MO)J(HO OCT8BJIJITb HeH3MeHHOR H npH 

6WCTpOM BWBO,IJ;e, BOCKOJILKY ee BeJIH'IHH8 He OK83WB8eT 

C~eCTBeHHOrO BJIHJIHHJI H8 ~30BYJO 06JiaCTb BY'IK8, BO,IJ;• 

Jie)J(8~YJO Tp8HCBOpTHpOBKe. 3TO 06CTOJITeJILCTBO .BBJIJieTC.B 

)J(eJiaTeJibHWM C TO'IKH 3peHH.B TeXHH'IeCKOrO ynpo~eHHJI 

pe)J(JIM8 COBMe~eHHJI lnoCTOJIHCTBO TOK8 B P21. 

,ZJ;JIJI BW6paHHWX yCJIOBHR 6WJIH BOJiy'leHW ~30BWe 
xapaKTepHCTHKH BY'IKa Ha BXO,IJ;e cenTyM·MarHHTa 4'C. 
PaC'IeTW npOBO,IJ;HJIHCb no MeTO,IJ;HKe, OBHC8HHOR B /S/ ,IJ;JIJI 

'18CTH~ C HMBYJILC8MH PO H p~p. 3Ha'leHHe ~p/po 6WJIO 

B3JITO 2·10-4 • MrHoBeHHWR yrnosoA pacTsop ny11Ka Ha 

BXO,IJ;e fi»C COCTaBJIJieT -0,4 Mpal>, ropH30HT8JibHWR 3MHT· 

T8HC "'70TT MM •Mpa(), 'ITO npH6JIH3HTeJibHO COOTBeTCTByeT 

napaMeTpaM BWBe,IJ;eHHOrO BY'IK8 B yCJIOBH.BX, BOJiy'leHHWX 

paHee. 

f!»a30BWe xapaKTepHCTHKH Ha BXO,IJ;e cenTyM·MarHHT8 

4'C 6WJIH B3JITW B Ka'leCTBe H8'18JibHWX yCJIOBHR ,IJ;JIJI pac'leTa 

CHCTeMw TpaHcnopTHpOBKH 11epe3 BTopoA Ksa,~~;paHT. B ,~~;aH
HOM CJiy'lae. BeJIH'IHHa BOJIJI B MarHHTe fi»C COCT8BHJ18 

0,1830 T, a rpa,aHeHT JIHH3W 4'C - 0,81 T/M. llpH 3TOM 

~30BWe xapaKTepHCTHKH BldBe,IJ;eHHOrO ny'IKa Ha BXO,IJ;e 

BM npH6JIH3HTeJILHO cooTseTCTBYJOT paHee coc'IHTaHHOMY 

06W'IHOMY pe)J(HMY Me,IJ;JieHHOrO BWBO,IJ;a BY'IK8, 'ITO o6ec • 

ne'IHBaeT ero ,11;8JIJ.HeRmyJO TpaHCBOpTHpOBKY npH 3Ha'leHHJIX 

napaMeTpOB CHCTeMW, onpe,ll;eJieHHWX B /8/, 

3KCHBPHMBHTAJibHIJB PB3YJibTATIJ 

,ZJ;aHHWe, BOJiy'leHHWe npH paC'IeTe XapaKTepHCTHK 6WCT • 

poro H Me,IJ;JieHHOrO BWBO,IJ;OB BY'IK8,. 6WJIH B3JITW 38 HCXO,IJ; • 

Hwe npH pa3pa6oTKe annapaTypw. llpose,~~;eHHWe 3KcnepH

MeHTW AaJIH pe3yJILTaTw, 6JIH3KHe K pac11eTHWM. He arpa-
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IOIQBe cyiQeCTBeHHoii pona pa3JIH'IHJI o61.JICHJIIOTCJI He~o
cTaTO'IHoii TO'IHOCThiO I<apTHHid nOJIJI YCI<OpHTeJIJI, OC06eHHO 

B y~aJieHHOB OT UeHTpa 06JiaCTH, a Tai<:>Ke HeH36e:>KHid.M 

B peaJIJ.HidX YCJIOBHJIX HaJIH'IHe.M HCI<a:>KeHHB op6HTid ny'II<a. 

llepBaJI 'laCTh npe~BapHTeJIJ.HidX 3I<CnepHMeHTOB CO· 

CTOJIJia B no~TBep~eHHH B03.MO:>KHOCTH 3a6poca ny'II<a 

Ha a3HMyTe nepsoro npJIMOJIHHeiiHoro npo.Me:>KyTI<a B o6-

nacTJ. Ro • 600 MM H rny6:>Ke. A.MnJIHTy~a H 4la3a BTOpoit 

rap.MOHHI<H Cei<CTynOJihHOrO B03MyiQeHHJI 61dJIH B3JITid Te.MH 

:>Ke, 'ITO H ~JIJI pe:>KH.Ma .MeMeHHoro BldBO~a /Ha none 

B 0= 1 T a.MnJIHTY~Hoe 3Ha'leHHe TOI<a B o6.MOTI<ax P2 
3a~asanocli"' oT 170 ~o 220 A/. lh.MeHeHHe.M BldCOI<o:ii 

'laCTOTid fo Ha CTOJie rJiaBHOro nOJIJI op6HTa ny'II<a YCTa· 

HaBJIHBaJiaCJ. B pa3JIH'IHide nOJIO:>KeHHJI BHYTPh OT R o/npH 

yci<opeHHH ~eiiTpoHos fo = 1413,35 - 1418,0 KFl#/. ,D;n• 
J<a~oro nOJIO:>KeHHJI Op6HTid B 06.MOTI<y p 1 no~aBaJICJI 
HMnyJIJ.C TOI<a C 4JpOHTO.M HapacTaHHJI ~0 500 MKC. Bpe· 

MeHH.We xapai<TepHCTHI<H .MarHHTHOB CHCTe.MW CHHXpo4Ja3o· 

TpoHa no3BOJIHJIH 3a spe.MJI Tai<oro nopJI~I<a o6ecne'IHTJ. 

C.MeiQeHHe 'laCTOT 6eTaTpOHHWX I<OJie6aHHB~O pe30HaHCHOrO 

Puc. 4. MazHu•- C>e,PAeK•op e nepeoM np.RMOAUHeiJHOM npo
Mexy•Ke 6QKYYMHOU KQMepr,a. 
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3Ha'leHHJI /CM. puc. 9/, 'ITO JIBHJIOCh CYIQeCTBeHHW.Mcllai<TO• 

po.M B BODpoce TeXHH'IeCI<OB peaJIH3aUHH npeMO:>KeHHOB 

CXe.MW BWBO~. 

H3MepeHHJI noJ<a38.JIH, 'ITO MJI nono:>KeHHJI npo6HHI<a Ro -
600 MM CYIQeCTByeT ~OCTaTO'IHO WHJ>OI<aJI 06JiaCTh DOJIO• 

:>KeHH.K op6HT, I<or~a rny6HHa 3a6poca ny'II<a ~ocTHraeT 

60 MM. 

ilOCJie ycTaHOBI<H B J<a.Mepy Ha 3TY I<OOp~HaTy H.M• 

nyn&cHoro MarHHTa M,D; I puc. 4/ c napa.MeTpaMH, o6ecne

'IHBaiOIQBMH OTI<JIOHeHHe ny'IJ<a B 3a~aHHO.M H._anpasneHHH, 

6wna npoH3Be~eHa ero TpaccHposi<a no I<Ba~paHTY ~o 

DODa~aHHJI B Hapy~YJO CTeHI<Y Bai<yy.MHOB J<a.Mepw /OI<Ha 

J6!H2 8, 9, 10/. llpH H3.MepeHHJIX nOJIO:>KeHHJI DY'II<a HCDOJIJ.• 

30BaJIHCh TeJieJ<a.Mepw, CUHHTHJIJIJIUHOHHWe ~aT'IHI<H H o6ny

'leHHe 4JoTOnJieHOI<. · .. B DOCJie~He.M CJiy'lae B ny'IOI< BBO~HJiaCJ. 
TOHI<a.K pacceHBaiOIQaJI .MHWeHJ. B BH~e .MeTaJiJIH'IeCI<OB npo • 

sono'II<H, "TeH&" oT I<OTopoii npoeuHposanac& Ha nneHI<y, 

yCTaHOBJieHHYIO B ny'IOI< Ha 3a~aHHO.M paCCTOJIHHH OT .MH• 

WeBB jpuc. 5a,6j. llony'leHHWe pe3yJIJ.TaTW ~aJIH COOTBeT· 

CTBHe BW'IHCJieHHB H 3I<CDepH.MeHTa B npe~enax ±1 MM, Ha 

OCHOBaHHH 'lero DpH pei<OHCTPYI<UHH CTeHI<H BaJ<yyMHOB 

I<a.Mepw I puc. 6/ M• 'laCTH Tpaei<TOPHH, He~ocTynHoii M.K 

H3.MepeHHB, 3a OCHOBY 6WJIH B3JIT.hl pac'leTHWe ~aHHWe. 
llpose~eHHwe nocne 3a.MeHw cTeHI<H I puc. 7/ pa6oTw no 

BWBO~y DY'II<a DOI<a3aJIH, 'ITO DpH OTI<JIOHeHHH 'laCTHU .Mar· 

HHTO.M • ~e4Jnei<TOpO.M HX DpHOCeBwe Tpaei<TOpHH npOXO~JIT 
~ocTaTO'IHO 6nH3I<O I< ueHTPY swxo~Horo naTpy6I<a I puc.B/, 
3a I<OTopwM pacnonaraeTCJI nepswii I<OJIJIH.MaTop. 

:SwcTpwii swso~ npoTOHOB, ~eiiTpOHOB H an&4Ja- 'laCTHU 

B HaCTOJI~Qee spe.MJI DpOH3BO~HTCJI Ha I<OpOTI<O.M CTOJie 

rnaBHOrO TOI<a, B Ha'lane I<OTOpOrO C DO.MOIQhiO .MO~YJIJIUHH 

BWCOI<OB 'laCTOTW op6HTa ny'II<a ycTaHaBJIHBaeTCJI Ha 3a· 

~aHHWB pa~Hyc. llo H3.MepeHHJI.M DOJIO:>KeHHJI op6HTW Ha 

a3H.MyTe M,D; /cpe~ee nono:>KeHHe MO:>KeT OTJIH'IaTJ.CJI H3- 3a 

HaJIH'IHJI HCJ<8JI(eHHB/ ee OD'tH.MaJIJ.HaJI I<OOp~HHaTa COCTaB· 

JI.KeT X • 210 MM. 
,lJ;JIJI DOBWWeHH.K CTa6HJihHOCTH OTI<JIOHeHHOrO DY'(I<a 

BI<JUO'IeHHe HMDYJIJ.Ca TOI<a B 06.MOTI<Y p 1 CBJI3aHO C YPOB· 

HeM .MarHHTHoro non• B M,D; /'lepe3 noporOBYJO cxe.My, 

HaCTpOeHHYIO Ha CHrHaJI TOI<a, DHTaiOIQero ero 06.MOTI<H/. 
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Ro+8LI5 

a/ 

6/ 

Puc. 5. llOIIOJICeHUe pacceuea10111ell MUIIleHU Ha a3UMy•e OKHa 
Nl9 /a/ u no.lly'leHHoe ee u3o6paxeHue Ha a3UMy•e OKHa 
JIRlO /6/. 

12 

t 

~ 
l 

I 

Puc. 6. C•eHKa eaKYYMHoll KaMepbl nepeozo KeatlpaH•a, 
peKoHc•pyupoeaHHa.JI tiii.JI 6111c•pozo eweooo. 1 - •paeK•opu.JI 
nyt~Ka, 2 - uoHonpoeo(}, 3 - 6biXOtiHoll na•py6oK c peKoH· 
c•pyupoeaHHoll c•eHKoll, 4 - onopw c•eHKU. 

Puc. 7. 06111ull aut~ ewxotJHozo na•py6Ka u Hoeoa c•eHKu. 
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a/ 

6/ 

Puc. 8. H3o6paJICeHue pacceuea10111eu MUIIleHu 6HYIIPU na
•py6Ka /a/ u nyt~Ka Ha e~»aeooHoM (JAaHf4e /6/. 

" .. 
14 

Puc. 9. 0Cf4UAAozpaMMa 6J»ac11pozo eJ»aeooa. HUJICHUu AY'I -
UMn,YAI»C IIOKa 6 06MOIIKaX P1, eepXHUU - IIOK 61»J6eOeHHOZO 
ny'IKa. Pa3eep11Ka - 1 MC Ha KAeiiK,Y. 

B o6w'IHwx pe>KHMax B pe3oHaHc BBO~HTCJI He6oJILWaJI 

'laCTL IUIPKYJIHPYIOIQero DY'IKa /5710~/,'ITO onpe~eJIJI
eTCJI BW60pOM pa~HaJILHOrO DOJIO>KeHHJI op6HTW H aMDJIH

TY~OH HMDYJILCa TOKa B P 1, ~OCTaTO'IHaJI BeJIH'IHHa KOTOpO:i 

npH MaKCHMaJILHo:i lHeprHH cocTaBJIJieT 6 A. 
O~HH H3 THnoswx pe>KHMOB 6wcTporo swso~a nyqxa 

~e:iTpOHOB ~aH B lla6A. 1. 

Ha puc. 9 DOKa3aHa OCI(HJIJIOrpaMMa TOKa B 06MOTKaX 

P 1 H HMDYJILCa C «1»3Y, perHCTPHPYIOIQero BWBe~eHHWi 
DY'IOK. 

B CJiy'lae COBMeiQeHHJI Me~eHHOrO H 6WCTpOrO BWBO~OB 
B Te'leHHe O~HOrO CTOJia rJiaBHOrO DOJIJI «J»C BBO~HTCJI Ha 

R0 + 400 MM. 06w'IHO BHa'lane npoH3BO~HTcJI Me~neHHwi 
BLIBo~. ,lJ;JIJI lToro op6HTa ycTaHaBJIHBaeTcJI B paiioHe R o , 
aMDJIHTy~a TOKa B 06MOTKe P2 BW6HpaeTCJI H3 YCJIOBHH 

o6ecne'leHHJI 3a6poca nyqxa B cenTyM-MarHHT Me~eHHoro 
BLIBO~a Ha rny6HHy 170 MM H B COOTBeTCTBHH C 3a~aHHOB 
nporpaMMOi TOKa B 06MOTKaX p 1 C03~aiOTCJI pe30HaHCHLie 
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To6AUI#O 1 

none B ycKopliTene B 0 

llaCTOTa fo 

AunnBTy.zta TOKa B o6MOTKax PI 

ToK B o6MoTKax P 2 

AunnBTYA~OKa B M,D; 

,lJ;nBTenhHOCTh BlaiBO,ll& 

To6AUI#O 2 

MB 

llacToTa f 0 1434,2 KFI# 

ToK s o6uoTKe P2 224 A 

ToK B o6uoTKe PI 62+69 A 

,lJ;HBTeHhHOCTh BMDynJ.Ca 
TOKa B PI 3S0 MC 

,lJ;nBTeHJ.HOCTh BWBO,ll& 320 MC 

ToK B cenTyu-uarHBTe 
~c 9,7+10,1 KA 

ToK B nBH3e ~C 600A 

ToK B M,D; 
"'i1 

16 

I T 

141S,36 KFI# 

SA 

210 A 

19 KA 

- 600 MKC 

BB 

1440,82 KFI# 

224A 

SA 

I MC 

-600 MKC 

19 KA 

/ 

ycnOBB .. .ztn• OCYIQeCTBneHB .. Me.ztneHHOrO BlaiBO,lla Tpe6yeuo:i 
qacTB ycKopeHHoro nyqKa. nocne 3Toro TOK B o6uoTKax 
pI BlaiKJDOqaeTC .. , qacTOTa pa.ztBanJ.HiaiX 6eTaTpOHHiaiX KO· 
ne6aHB:i CHm«aeTc• AO pa6oqero 3HaqeHB.. B C DOMO~ID 
B. q. ycKop•roiQero Hanp•>KeHB• nyqoK nepeueiQaeTc• BHYTPI» 
oT R0 • 3aTeM B o6MOTKY PI no.ztaeTc• KopoTKB:i BMnynJ.c 
TOKa, D03Bon•roiQB:i pacKaqaTh B 3a6pOCBTh B 3&30p M,l.J; 
OCT&Bmyroc• qaCTh nyqKa. 

B cnyqae Heo6xo,llBMOCTB 6wcTpw:i B ue.ztneHHw:i BWBOAW 
MOryT npOB3BOABThC.. B o6paTHO:i DOCne.ztOB&TenhHOCTB. 

B 1110611. 2 A&H TBDOBoii pe)I(BM coBMeiQeHB• ue.ztneHHoro 
B 6wcTporo BWBOAOB Ha none I T. 

Ha puc. 10 noKa3aHa oc:uBnnorpauua BWBe.zteHHWX 
nyqKOB, COOTBeTCTByroiQa• ,ll&HHiaiM 1110611. 2. 

Puc. 10. Br,aaot} ny'IKO npu nolle Bo= 1 T. BepxHuu IIY'I -
11101( ny'IKO Mei}AeHHOZO 6bi60i}O /t}IIUIIIellbHOCIIfb OK0/10 0,3c/. 
HuxHuu - uMnyllbC 'IOCIIfUI# 6r,acmpozo ar,aaot}o. 
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IIPHJIO)J(EHHE 1 

,4oaupoeKa ny'lKa 0.11.11 nyabJpbKOBbJX KaMep 
npu 6bJC111pOM 6bJ600e 

06ecne'leHHe HOpMaJI&HOH pa60Thl ny3hlphKOBiaiX KaMep 

/11.0 10 'laCTHIJ; B IJ;HKJie/ CBOIJ,HTCJI K CHB)I(eHBIO Ha He

CKOJihKO nopJIIJ,KOB HHTeHCBBHOCTB YCKOpeHHOrO ny'IKa OT 

ero U:HPKY1IJIIJ;HH B KaMepe YCKOpBTeJIJI 11.0 nonalJ,aHHJI Ha 

3KCnepBMeHTa1IhHYIO YCTaHOBKY. ,lJ;JIJI MHHBMaJihHOH KOHTpO-

11BpyeMOH HHTeHCHBHOCTH ny'IKa 11.0 ~ 10 B OIJ,H03apJIIJ,HiaiX 

'laCTBU: B ,!!BKJie o6IIJ;Bii Ko3<lJ4>Bu;BeHT ocna6neHHJI K yeT

poiicTB BhiBOll.a B TpaHcnopTBPOBKB ll.OJI)I(eH cocTaBJIJITh 
10-

7 
-:- 10-8 • 

3Ta BeJIH'IHHa CKJialJ,IaiBaeTCJI H3 pJIIJ,a OTIJ,eJI&HiaiX K0-

3<lJ4>Hu;BeHTOB OC1Ia6JieHHJI. 

1. Ko3<lJ4>Bu;BeHT oT6opa K 1 npu BhiBOIJ.e. HMnyn&CHhlii 

TOK B nOJIIOCHiaiX 06MOTKaX ynpaBJieHHJI 'laCTOTOH 6eTa TpOH

HlaiX KOJie6aHHH YCTaHaBJIHBaeTCJI B npelJ,eJiax0,170,05 OT 

3Ha'leHHJI, npB KOTOPOM npOHCXOIJ,BT nOJIHiaiH BhiBOIJ. YCKO

peHHOro ny'IKa. 3TO COOTBeTCTByeT /ll.JIJI peneeBCKOro 

pacnpelJ,eneHBJI aMnJIBTYIJ./ npHMepHo K 1 = 10-1 -:- 10-2 • 

2. CJielJ,yiOIIJ;BH 3Tan CHH)I(eHHJI HHTeHCHBHOCTB ocy

IIJ;eCTBJIJieTCJI nyTeM palJ,BaJI&Hoii ll.el!loKycupoaKH ny'IKa npu 

npOXO)I(IJ,eHBB rpalJ,HeHTHOro nOJIJI M,IJ; B IJ,el!loKyCBpyiOIIJ;ero 

Kpaeaoro nOJIJI YCKOpHTeJIJI Ha BhiXOIJ,e B3 BaKyyMHOH 

KaMe phi. 0THOWeHBe pa3Mepa BhlnyCKHOro OTBepCTBJI K Ce

'leHHIO pacl!loKycupoaaHHoro ny'IKa onpelJ,eJIJieT K03414lu
u;ueHT ocna6neHBJI K 2 == 10 - 2 

3. CHB)I(eHHe BHTeHCBBHOCTB no TpaKTY TpaHcnopTH

pOBKH 2nyTeM K0111IBMHpoaaHHJI o6ecne'IHBaeT aeJIH'IHHY K
3
= 

= 10- -:-1o-3 • 

4. 0KOH'IaTe1I&HaJI IJ,03HpOBKa 'laCTHIJ;, nOCTynaiOIIJ;BX B 

KaMepy, npOB3BOIJ,BTCJI C nOMOIIJ;hiO ynpaBJIJieMoro KHKep

MarHHTa 19 I, no3B01IJIIOIIJ;ero oTo6paT& H3 ny'IKa HeCKOJI&Ko 

'laCTBIJ; B3 10 
2 

+ 10 3 /K 
4 
=10 -"2 + 10-3 /. 

TaKHM o6pa3oM, o6IIJ;HH Ko34141Hu;BeHT ocna6neHBJI co
CTaBJIJieT 

-6 -10 
K = K 1 • K 2 • K 3-K 4 == 10 + 10 

'ITO nepeKp~a~aaeT Tpe6yeMhiH ll.Hana30H. 
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CJielJ,yeT OTMeTBTh, 'ITO CTa6BJihHOCTh 06IIJ;ero K03~~~
!liBU:HeHTa OCJia6JieHBJI, 3aBHCJIIIJ;aJI OT Ka)I(IJ,OrO H3 BXO

IJ,JIIIJ;BX B Hero K034141Bu;BeHTOB, He 3aBBCBT OT BHTeHCHBHO

CTB, C1Ia6o 3aBBCHT npB npaBB1IhHO Blal6paHHOH CXeMe 

K0111IBMaiJ;BB OT pe)I(BMOB pa60Tial OTIJ,eJihHhiX Y31IOB CBCTe

Mial B, TaKBM o6pa30M, He3Ha'IHTe1IhHO MeHJieTCJI BO Bpe

MeHB, T.e. OT IJ;BK1Ia K IJ;BK1Iy. 

,lJ;eHCTBBTe1IhHO, eCJIH B MeCTaX K0111IBMaiJ;HB ny'IOK, no

nalJ,aiOIIJ;BH B K0111IBMaTOp, BMeeT pa3Mep, 3Ha'IBTeJI&HO 6011&

WBH BXOIJ,HOH anepTyphl, TO IJ,OCTaTO'IHiaiM YCJIOBHeM CTa6BJI&

HOrO OCJia6JieHBJI BHTeHCBBHOCTB JIBJIJieTCJI nOIJ.lJ.ep)l(aHBe 

nono)l(eHBJI ny'IKa c norpewHOCT&IO, 3Ha'IBTeJI&Ho MeH&weii 

no cpaaHeHHIO c ero pa3MepoM. 3To ycnoaue npaKTH'IeCKB 

BCerlJ,a MO)I(HO BhlnOJIHHTh 3a C'leT COOTBeTCTBYIOIIJ;eH pac

l!loKyCBpOBKB ny'IKa Ha BXOIJ,e B K0111IHMaTop. 

CpelJ,HeKBalJ,paTH'IHaJI norpewHOCTh KOJIJIHMau;HH 

2 2 
a = I a .• 

1 

3Ha'leHHJI OTIJ,en&Hhlx norpewHocTeii ai Jie)l(aT a npelJ,enax 

10+20~ H, C1IelJ,OBaTe1IhHO, IJ,JIJI nepBiaiX Tpex K034141BU:BeHTOB 

2 
a== ±v'3·0,2 ==±0,35. 

3Ta OIJ;eHKa noKa31a1BaeT, 'ITO noCJielJ,HJIJI Be1IB'IHHa JIBJIJieTCJI 

BnOJIHe Yll.OB1IeTBOpBTe1IhHOH, nOCK01IhKY IJ,03BpOBKa C no

MOIIJ;hiO 06paTHOH CBJI3B /KHKepj OKOH'IaTeJI&HO o6ecne'IHBa

eT nonalJ,aHBe B KaMepy 'IHC1Ia 'laCTHIJ; C TO'IHOCThiO 11.0 ±1. 

HMeeT TaK)I(e 3Ha'leHBe HecTa6HJihHOCTh HHTeHCBBHOCTB 

YCKOpJieMoro ny'IKa. Ho B 3Ta aeJIB'IBHa MO)I(eT nolJ.ll.ep)I(B

BaT&CJI B npelJ,enax ±/10 + 20/o/o. 
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HPHJIO)J(BHHB 2 

Pac'le•Hwe c)aHHwe •paeK•opuu ny'IKa npu 6••c•poM eweoc)e 

,,~ Olalo PIJII7f crlt'l'Oplll • 
D;/48 I 2758,33 

tr/24 - 2'766,43 

aii6 2 2'174,1l,_6 
lf/12 - 2'182,?0 

--iiai48 3 2'790,86 
u/8 - 2'198,911 

7Tt/48 4 ?JJU/,09 
tr/6 - 31I5,I5 

3aii6 5 2823,I'7 

Sai24 - 2831,12 
IIai48 6 2839,01 

1(/4 - 2846,81 
I3ai48 7 2854,62 
?!r/24 - 2862,14 
6ail6 8 2869,66 
1(/3 - 2877,08 

"'lf/48 9 2884,50 
3lr/8 - 2892,26 

I9ai48 IO 290I,OO 

SWI2 - 29II,96 

?!r/I6 II 2927,:Yl 

IIIT/24 - 29t9,9I 

23ai48 I2 29112,08 

u/2 ll'oaeu Jal8liPIIB'l'll 3026,65 
IIJ 

()orcqftHB&e'l'CS O'l' Ba'IIUJB U8Jijl8B'l'a 

ABTOpW C1fBTaJOT CBOBM DpBJITHWM .Z.OJirOM BWpa3BTh 
npB3HaTeJihHOCTh A.M.:Sa~Hy B JI.r .MaKapoBy 3a DOCTO· 
JIHHOe BHBMaHBe B DOMep)f(l(y DPB BWDOJIHeHBB .z.aHHOi pa • 
6oTw. 0HB 6naro.z.apJIT COTPY.Z.HBKOB liTO, npo.z.enaBmax no.z. 
PYKOBO.Z.CTBOM :S.K.KypJITHBKoBa, ID.H.TJITJOWKBHa a 
B.CI».KoKWapoBa 6on~amy10 pa6oTy no B3rOTOBJieHmo B MOH
Ta)Ky Y3JIOB CBCTeMW 6WCTporo BWBO.Z.a, a TaK*e OTMe1faJOT 
3Ha1fBTeJihHYJO DOMO~h CO CTOpOHW COTPY~BKOB CeKTOpa 
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BhiBo.z.a ID.4».KycaraHa, O.H.QacJIJIKa, A.H.KpJOKOBa, 
B.C.MapoHoBa, M.,ll;.EpmoBa B JI.C.PycaKoBoi, y1faCTBo
BaBmax Ha pa3HWX :nanax B pa3pa6oTKe cacTeMw. 
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