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Oli~AJI XAPAKTEPIICTIIKA PAEOTI,I 

B O6T,e,L11rneHHOM 1rncnrryre H)],epm,1x IICcJie,lloBaHIItt (OIUIH) B paMKax 

rrpoeKTa NICA (Nuclotron based Ion Collider fAcility) Be,lleTcH coopy)KeHIIe HOBoro 

ycKOpIITeJibHOro KOMIIJieKca. Y CKOpIITeJibHblll KOMIIJieKC rrpoeKTa NICA o6ecrreqIIaaeT 

ycKopeHHbIMII rryqKaMII 3apJI)KeHHbIX qacTIIII 3KCIIepIIMeHTaJibHhie YCTaHOBKH ,LIJIJI 

BblIIOJIHeHIIJI rrporpaMMbI IICCJie,lloBaHIIll B o6JiaCTII peJIHTIIBIICTCKOll H,llepHOll qJII3IIKII, 

qJII3HKII CIIIIHa qacTIIII, pa,llII06HOJIOfIIII II rrpIIKJia,llHbIX IICCJie,llOBaHIIll. 

YcKopIITeJibHhiii KOMIIJieKc NICA C03,llaeTcJI Ha 6aJe caepxrrpoBO.LIJIIIIero CIIHxpOTpoHa 

HyKJioTPOH - ,L1eiicrnyIDIIIeii 6aJoBoii ycrnHOBKII Jia6opampIIII cflmIIKII BhICOKIIX 

3Heprnii OIUIH (JicflB3 OIUIH). IIepBhiii 3TaII coop~eHIIJI ycKopIITeJibHOro 

KOMIIJieKca NICA BKJIIOqaeT B ce6JI JarrycK B 3KCIIJiyaTaIIIIID caepxrrpoBO.LIJIIIIero 

CIIHXPOTPOHa EycTep II Haqano 3KCrrepIIMeHTOB Ha BblBe,lleHHbIX rryqKaX Ha YCTaHOBKe 

BM@N (Baryonic Matter at Nuclotron). EycTep HBJIJieTcJI ocHOBHhIM IIH)KeKTopoM 

IIOHOB B HyKJIOTPOH. IfH)KeKIIIIOHHaJI IIerroqKa, rrpe,llHa3HaqeHHaJI ,LIJIJI IIH)KeKIIIIII B 

EyCTep rryqKOB IIOHOB BIIJIOTb ,LIO 30JIOTa (rrpoeKTHblll copT IIOHOB) II BIICMYTa C 

3HeprIIeii 3,2 M3B/H, COCTOIIT II3 IICTOqHIIKa TJI)KeJibIX MHOro3apll:,llHbIX IIOHOB 

3JieICTpOHHO-CTPYHHoro TIIrra KPHOH, BhICOKoqacTOTHoro JIIIHettHoro ycKopIITeJIJI 

JIYTH (JIIIHeiiHhiii ycKopIITeJih TJI)l{eJiblX IIOHOB) II KaHaJIOB TPaHcrropmpoBKII rryqKOB 

Me)K,lly 3JieMeHTaMII IIerroqKII. 

B XO.Lie BhIIIOJIHeHIIJI BToporo 3Tarra rrpoeKTa NICA 6y.LleT ocyIIIeCTBJieH 3arrycK 

caepxrrpoBO.LIJIIIIero KoJIJiaii.Llepa c .LIBYMJI mqKaMII BCTPeqII II rrepaoii 

3KcrrepIIMeHTaJihHOtt ycrnHOBKOtt - ,lleTeKTopoM MPD (Multi-Purpose Detector). 

HH)KeKTopoM TJI)KeJihIX IIOHOB .LIJIJI KoJIJiall,llepa JIBJIJieTcJI HYKJIOTPOH, 3aMhIKaIOIIIIIii 

BhnneorrIIcaHHYID IIerroqKy KPHOH - JIYTH - EycTep. )];JIJI KoJIJiaii.L1epa HaII6onee 

Ba)l(HbIMII rrapaM~aMII rryqKa TJI)KeJiblX IIOHOB B pe)KIIMe CTOJIKHOBeHHll Jl:BJIJIIOTCJI 

ero IIHTeHCIIBHOCTb If 3MIIITaHC, KOTOpbie B C0BOKynHOCTII orrpe,lleJIJIIOT CBeTIIMOCTb 

KOJIJiall,llepa II ee BpeMJI )KII3HII. IIpoeKTHaJI CBeTIIMOCTb KOJIJiall,llepa (1027 CM-2·c-1) II 

IIpIIeMJieMoe BpeMJI )KII3HII CBeTIIMOCTII (rropH)],Ka HeCKOJibKIIX qacoa) Moryr 6hITb 

,ll0CTIIrHyrhI C IIOM0IIIbIO CIICTeM 3JieICTp0HH0ro H CT0XaCTII'leCKoro 0XJia)K,lleHIIJI 

Hayqao-TeXHHqecKBB 
6u6a~oTeKa 
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Il)"IKOB B EycTepe II Konnau,nepe, HO TOJII,KO npII ycnoBIIII, qTQ IIHTeHCIIBHOCTI, Il)"IKa, 

IIH)KeKTIIpyeMOro B Konnaii,nep, )lOCTaTOqHa )lJUI HaKOIIJieHIIH TPe6yeMoro qIIcna 

IIOHOB, qTO BO MHOrOM onpe.nemeTCH IIHTeHCllBHOCTI,IO II)"IKa, ycKopeHHOfO B 

EycTepe. T.K. OCHOBHIJe IIOTepII IIOHOB, no OlleHKaM, 6y.nYT Ha6nro.naTbCH Ha :meprIIII 

HII)Ke 5 M3B/H, TO TPaHCIIOpTIIpOBKa llOHOB OT IIOHHOro IICTQqHIIKa .no EycTepa C 

nocne.nyroll!IIM a,llIIa6aT~eCKIIM 3axBaTOM II)"IKa B pe)KifM ycKopeHIIH HBilHeTCH O)lHOH 

ll3 Han6onee KpIITIIqHIJX 3a)laq C ToqKII 3peHIIH IIOJI)"IeHIIH npoeKTHOll IIHTeHCIIBHOCTII 

II)"IKOB II cBeTIIMocm Konnaii,nepa NICA. 

ArcryaJibllOCTb 

AKTYMbHOCTI, .naHHOll pa60TI,I 3aKnIOqaeTCH 

B Heo6XO)lIIMOCTH pa3pa60TKII MeTO)lOB )lOCTll)KeHIIH npoeKTHOH 

IIHTeHCHBHOCTII Il)"IKa, ycKopeHHOro B EycTepe ycKopHTeJII,HOro KOMIIJieKca NICA; 

- B C03,llaHIIII II <pll3IIqecKOM nycKe CllCTeM IIH)KeKllIIII nyqKa ll3 JIIIHettHOro 

ycKopIITem JIYTl1 B EycTep, qrn o6ecneqllllo non)"IeHue npoeKTHblX 3HaqeHIIH 

napaMeTPOB llIIPKYJIIIPYIOlilero II)"IKa B xo.ne TPex llHKnOB nycKoHana.noqHbIX pa6oT Ha 

EycTepe. 

OcHOBHble llCJIII H 3a.naqu pa60Tbl 

IJ,enh .nuccepTal.lllOHHoii pa6oTbl cocToAAa B peanma1.11rn npoeKTa NICA B qacm 

CO3,llaHIIH H IICCile)lOBaHIIH CIICTeMbl TPaHCIIOpTIIpOBKII II)"IKa ll3 JIHHeiiHoro ycKopIITeJIH 

TH)KeJibIX IIOHOB K CIIHXPOTPOHY EycTep, IIH)KeKI.IIIII II)"IKa B EycTep ycKopIITen1,Horo 

KOMIIJieKca NICA II HaKonneHIIH B HCM "Y'lKOB TH)KCJII,JX HOHOB, IIO)lJie)Kall!IIX B 

)lallbHeiimeM HCIIOJib3OBaHHIO B ycKOpIITellbHOM KOMIIIleKce NICA. 

)],IIccepTal.lIIOHHaH pa6orn nocBHll!eHa pemeHHIO cne.nyroll!IIX 3a)laq: 

I) Pa3pa6oTKa (BKilIQqaH pacqeT u qIIcneHHoe MO,lleJIIIpOBaHHe) MeTO,llOB IIH)KeKI.IIIH 

II)"IKa B EycTep II ero HaKonneHIIH B EycTepe; 

2) <I>m~eCKOe o6oCHOBaHIIe KOHlleIIl.lllII, pa3pa6oTKa II C03,llaHIIe cxeMbl II 3JieMeHTOB 

CIICTeMIJ llH)KeKI.IHII Il)"IKa B Eycrep; 
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3) <I>m~eCKOe o6ocHOBaHIIe, pa3pa60TKa II C03)laHIIe KaHana TPaHCIIOpTIIpOBKII II)"IKa 

II3 JIYTl1 B EyCTep; . 

4) Pa3pa6oTKa II C03,llaHHe CTapTOBOro BapIIaHTa CIICTeMbl IIH)KeKI.IIIII Il)"IKa B EyCTep; 

5) TipoBe)leHIIe CTeH)lOBbIX IICIIblTaHIIll pa3pa6oTaHHOro o6opy.noBaHIIH; 

6) TipoBe)leHHe nycKo-Hana.noqHIJx pa60T ·Ha pa3pa60TaHHOM o6opy.noBaHllll KaK 

HeoTheMneMoii qacrn ocYlilecrnneHIIH <pII3IIqecKoro nycKa Eycrepa. 

Ha 331QHTY BblH0CHTCH: 

I) <pmIIqecKrrii npoeKT nepecTPaIIBaeMoii cIIcTeMbI IIH)KeKllllll nyqKa B EycTep, 

II03BOJIHIOll!ell OCYll!eCTBJIHTb IIH)KeKI.IIIIO Il)"IKa HeCKOJlbKIIMII Mb TepHaTIIBHbIMII 

MeTO,llaMII; 

2) <pmIIqecKIItt npoeKT KaHana TpaHcnopTIIpOBKII nyqKa JIYT11-EycTep, 

06ecneqIIBaI0111ero IIOJI)"IeHIIe TPe6yeMbIX MH npoeKTHI,IX pe)KIIMOB IIH)KeKUIIII 

npo,llOJII,HbIX II nonepeqHI,IX napaMeTPOB Il)"IKa C BO3MO)KHOCTbIO cenapaurrII II 

nornomeHIIH IIOHOB HeueneBbIX 3apH,llHOCTeii; 

3) <pII3IIqecKIIH npoeKT II pe3yJII,TaTbl CTeH)lOBblX IICIIbITaHIIll ycTpOHCTB CIICTeMIJ 

IIH)KeKI.IIIII Il)"IKa B EycTep - 3JieKTPOCTaTIIqecKoro cenTyMa II MO)lyneii 

IIH<pJieKTOpHIJX nnacTIIH C CIICTeMOH IIIITaHIIH, .nonycKaromeii pe)KIIMI,I 

O,llHOCTyneHqan,1x II )lByxcTyneHqaThIX IIMIIYJibCOB 3JieKTPIIqecKoro IIOJIH (IIMIIYJibCOB 

C O)lHIIM ll .llBYMH ypOBIDIMII nnaTO ); 

4) pe3yJihTaTbl <pIIJIIqecKoro nycKa KaHana TPaHcnopmpoBKII II)"IKa JIYTl1-EycTep II 

CTapTOBOll KOH<pIIrypaIIIIII CIICTeMbl IIH)KeKllIIII II)"IKa, IIO,llTBep,llIIBIIIIIe npaBIIIlbHOCTb 

npoeKTHblX peIIIeHIIll II pa6orncnoco6HOCTb IIOCTPOeHHOll CllCTeMbl. 

HayquaH H0BH3Ha 

Tipe,llJIO)KeHbl II pa3pa6oTaHhI: 

l) KOHIIeIIllIIH nepecTPaIIBaeMOH CIICTeMbl IIH)KeKI.IIIII Il)"IKa B EycTep, II03B0IlHIOIIIeH 

OCYll!eCTBilHTb IIH)KeKllIIIO nyqKa HeCKOJII,KllMII allhTepHaTIIBHI,IMII MeTO,llaMII, II 

<pII3IIqecKIIH npoeKT CIICTeMhl, BOIIIlOII1aI0111eii .naHHYIO KOHlleIIl.lllIO; 
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2) q>II3IJtieCKIIH npoeKT :meKlpIIqecKIIX IIMIIYJibCHbIX yClpOHCTB - IIHq>JieKTopHbIX 

IIJiaCrnH II IIX CIICTeMbI IIIITaHIUI, pa6oTaIOIIIIIX B pe»mMax o,nHOCTYIIeHqaTbIX II 

,nsyxcTyneHqaTuIX (co CKaqKoo6p!l3HbIM poCTOM Hanp,rn,eHHOCTll 3JleKlpIIqecKoro 

IIOJIH B 3a30pe Me,K,l{y IIJiaCTIIHaMII) IIMIIYJibCOB, qTO II03B0JIHeT MIIHIIMII3IIpOBaTb 

3MIITTaHC HaKOIIJieHHoro nyqKa; 

3) q>II3IIqecKIIii npoeKT KaHaJia 1-paHcnoprnpoBKII nyqKa JIYTII-EycTep, 

o6ecneqIIBaIOIIIIIH IIH)KeKIIIIIO nyqKa B EycTep HeCKOJibKIIMII pa3pa6oTaHHbIMII 

MeTo,naMII, a TaKme cenapaIIIIIO II IIOrJIOIIIeHIIe IIOHOB HeIIeJieBbIX 3apH,nHOCTett. 

JJnqHLIH BKJJa,n aeTopa 

BKJia,n asrnpa B pe3yJibTaThl, npIIBO,nIIMbie B pa6oTe, HBJIHeTCH onpe,nemIIOIIIIIM. 

Pa3pa6oTKa KOHIIeIIIIIIII IIH)KeKIIIIII nyqKa a EycTep, BKJIIOqaH MeTO,nbl IIH)KeKIIIIII c 

IICIIOJib30BaHIIeM pe)KIIMa ,nsyxcTyneIJtiaTbIX IIMIIYJibCOB IIHq>JieKTOpHb!X IIJiaCTIIH, a 

TaKme pa3pa60TKa q>II3IIqecKIIX npoeKTOB CIICTeMbl IIH)KeKIIIIII nyqKa II KaHaJia 

1-paHCIIOpTIIpOBKII nyqKa JIYTH-EycTep, BKJIIOqaH qIIcJieHHOe MO,neJIIIposaHIIe 

,nIIHaMIIKII nyqKa, BbIIIOJIHeHbI aBTOpOM JIIIqHo. Pa3pa60TKa TeXHIIqecKIIX npoeKTOB II 

CTeH,nOBbie IICIIbITaHIIH YClpOHCTB CIICTeMbI IIH)KeKIIIIII nyqKa B EycTep, a TaKme 

q>II3IJtieCKIIH nycK KaHaJia 1-paHcnoprnpoBKII nyqKa JIYTH-EycTep II crnpTOBoii 

KOHq>IIrypaIIIIII cIIcTeMhl IIH)KeKIIIIII npose,neHbl npII onpe,neJIHIOIIIeM yqacTIIII asrnpa. 

IlpaKT11qecKaH IICHHOCTL pa60TLI 

B xo.ne BbIIIOJIHeHIIH ,naHHOH pa60Tbl 6bIJIII pa3pa60TaHbI II BBe,neHbI B ,neiiCTBIIe: 

- KanaJI 1-paHcnoprnpoBKII nyqKa JIYTH-EycTep; 

- 3JieKlpOCTaIBqeCKIIH ceIITYM CIICTeMbI IIH)KeKIIIIII nyqKa B EycTep, CJIY)KaIIIIIH ,nJIH 

BBO,na nyqKa B BaKYYMHYIO KaMepy EycTepa, B KOTOpOM ,nOCTIIrHYT CBepXBbICOKIIH 

BaKYYM Ha ypoBHe 10-11 Topp; 

- 3JieKlpIIqecKIIe IIMIIYJibCHbie yc1-poiicrna - IIHq>JieKTOpHbie IIJiaCTlIHbI CIICTeMbI 

IIH)KeKIIIIII nyqKa, cxeMa IIIITaHIIH KOTOpbIX II03BOJIHeT IIOJiyqaTu O,nHOCTyneHqaTuie II 

.nsyxcTYIIeHqaTuie IIMIIYJibCbI 3JieKlpIJtieCKOro IIOJIH B 3a30pe Me,K,l{y IIJiaCTIIHaMII. 
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ohm ocymecrnJieH q>II3IIqecKIIii nycK KaHaJia 1-paHcnopTIIpOBKII nyqKa JIYTH

EycTep II CTapTOBOH KOHq>IIrypaIIIIII CIICTeMbl IIH)KeKIIIIII nyqKa B EycTep, B xo.ne 

KOTOporo IIOJiyqeHa IIIIPKYJIHIIIIH nyqKa B EycTepe IIPII 3HaqeHIIHX napaMelpOB IIOHHO

OIITIIqecKOH ClpYKTYPhl KaHaJia 1-paHCIIOpTIIpOBKII II YClpOHCTB IIH)KeKIIIIII nyqKa, 

6JIII3KIIX K npoeKTHbIM. B xo.ne BbIIIOJIHemui q>II3IIqecKoro nycKa 6bIJI IIOJiyqeH OIIbIT 

HaClpOHKII IIH)KeKIIIIII nyqKa B EycTep C IICIIOJlb30BaHIIeM MeTO,nIIKII HaCTpOHKII, 

pa3pa60TaHHOH Ha OCHOBe pe3yJibTaTOB qIIcJieHHOro MO,neJIIIpOBaHIIH ,nIIHaMIIKII IIyqKa 

Ha BIIPTYaJibHbIX Mo,neJIHX KaHaJia II KOJibIIa EycTepa. 

. Anpo6au1rn pa6on,1 

OcHOBHbie pe3yJibTaThl ,nIIccepTaIIIIII ,noKJia,nbIBaJIIICb II o6cy)K,naJIIICb Ha 

Me,K,l{yHapo,nHbIX KOHq>epeHIIIIHX no ycKopIITeJIHM 3apx)KeHHbIX qacrnu IP AC, 

BcepoccIIttCKIIX KOHq>epenIIIIHX no ycKopIITeJIHM 3apH)KeHHhlX qaCTIIII RuP AC, 

Me,K,l{ynapo,nHbIX ceMIIHapax IIO npo6JieMaM ycKopIITeJieii 3apH)KeHHbIX qacTIIII 

naMHIB B.II. CapaHuesa, Me,K,l{ynapo,nHoii ceccIIII-KOHq>epeHIIIIII CeKIIIIII x,nepnoii 

q>II3IIKII O<I>H PAR "<l>113IIKa q>yH,naMeHTaJibHblX B3aIIMO,neHCTBIIH 11
, Me)K,nyHapo,nHbIX 

ceMIIHapax «The International Workshop "NICA Accelerating Complex: Problems and 

Solutions", Me,K,l{ynapo,nHhlX nayqHbIX KOHq>epeHIIIIHX MOJIO,nbIX yqeHbIX II 

cneIIIIaJIIICTOB OIUIH, HayqHbIX ceMIIHapax B OIUIIf II pa6oqIIx cosemaHIIHX Machine 

Advisory Committee npoeKTa NICA. 

Ily6JIIIK3IIHH 

OCHOBHbie pe3yJibTaTbl ,nIIccepTaIIIIII ony6JIIIKOBaHbl B peueH3ttpyeMblX 

)KypHaJiaX, peKOMeH,nOBaHHbIX BAK [ l-6] ( CTaTbII 113,naHbl Ha pyCCKOM II aHrJIIIHCKOM 

H3bIKax), 1-py.nax KOHq>epeHIIIIH II IIHbIX ny6JittKaIIIIHX [7-20]. 

CTpyKTypa II o6beM .nnccepTaIIHH 

)];ttccepTaIIIIH COCTOIIT II3 BBe,neHIIH, 5 rJiaB, 3aKJIJOqeHIIH, CIIIICKa JIIITepaTypbl 113 

138 HattMeHOBaHIIH II 8 npttJIO)KeHIIH. TeKCT ,nttccepTaIIIIII co,nep)KIIT 69 pIICYHKOB, 12 

Ta6JIIIII. O6mIIii o6beM COCTaBJIHeT 130 ClpaHIIII, BKJIJOqaH IIplIJIO)KeHIIH. 
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CO,ll,EP'.IKAHIIE ,ll,IICCEPTAIJ,IIOHHOfi PAliOTI,I 

Bo BBCJ(CHIIH npeJ(CTaBJieHI,I OCHOBHble uem1 npoeKTa NICA, J(aeTCH KpaTKoe 

on11cam1e ycKopttTeJibH0ro KOMnJieKca, coJJ(aBaeMoro B paMKax :noro npoeKTa, a 

TaJOKe o60CHOBbIBaeTCH BaJKHOCTb II aKTyaJibHOCTb 3aJ(atJ, pernaeMbIX B ,llHCCepTaUHH, 

npHBO,llHTCH ueJIH pa60Tbl, IlOJIOJKeHirn, BbIHOCHMble Ha 3aIUHTY, JIH'IHblll BKJia,ll aBTopa, 

Hayqna» HOBll3Ha II npaKTHtJeCKaH ueHHOCTb pa6oTbl. 

OcHOBHOe CO,llepJKaHHe pa6on1 113JIOJKeHO B 5 rnaBax. 

B nepBoii rnaBe npHBO.llHTCH KpaTKoe on11caH11e ycKopnTeJieii JIYTH II IiycTep 

ycKopnTeJII>Horo KOMnJieKca NICA, <popMyJinpyroTcH Ja,llatJa rrpoeKTHpoBaHirn cttcTeM 

nepeBO,lla nyqKa 113 JIYTH B IiycTep (BKJIIO'IaIOIUHX B ce6H KaHaJI TPaHcnopTHpOBKH 

nyqKa JIYTH-IiycTep II cttcTeMy HHJKeKUHH nyqKa B IiycTep), TPe6oBaHHH Ha 

napaMeTPbI nyqKa npn nepeBo,lle, a TaJOKe orpanHtJeHHH Ha pa3MeIUeHHe II napaMeTpbI 

YCTPOHCTB KaHaJia II CHCTeMbl HHJKeKUHH, o6ycJIOBJieHHbie oco6eHHOCTHMH ,llHHaMHKH 

nytJKa B JIYTH II IiycTepe. B rnaBe ,llaeTcH KpaTKHii o63op IlO.llXO.llOB, np11MeH»eMbIX 

npH perneHHH 3a,llatJ TPaHcnopTHpOBKH II HHJKeKUHH IlYtJKOB B CHHXPOTPOHbI, B TOM 

tJHCJie Ha auaJiorntJHbIX ycKopnTeJibHbIX KOMilJleKcax BNL, CERN, FAIR. 

B ycKopmeJibHOM KOMilJleKce NICA [8, 11] OJIHHM 113 BaJKHeiirnnx 3BeHbeB, c 

TO'IKH 3peHHH IlOJIYtJeHHH npoeKTHOH HHTeHCHBHOCTH IlYtJKOB THJKeJibIX HOHOB Ha 

BXO,lle KOJIJiall,llepa, HBJIHeTCH yqacTOK nepeBO,lla nytJKa 113 THJKeJIOHOHHOro JIHHettHoro 

ycKopttTeJIH JIYTH B CHHXPOTPOH IiycTep [7-9], BKJIIOtJa10iu11ii B ce6» KaHaJI 

TPaHcnopTHpoBKH nyqKa JIYTH-IiycTep II cncTeMy HHJKeKUHH nyqKa B IiycTep. JIYTH 

HBJIHeTCH tJaCTblO HHJKeKUHOHHOH uenotJKH ,llJIH IlYtJKOB UIJKeJiblX HOHOB, KOTOpaH 

o6ecnetJHBaeT HHJKeKUHIO B IiycTep HOHOB C OTHOIIIeH11eM MaCCbl K 3apH.llY A/q :'.S 6,35 

(HarrpttMep, 30JIOTa 197 Au31+) c 3Heprneii 3,2 M3B/H. HuJKeKUHOHHaH uerrotJKa TaKJKe 

BKJIIOtJaeT 3JieKTPOHHO-CTPYHHI>Itt HCTO'IHHK BbICOK03apMHbIX HOHOB KPHOH-6T 11 

KaHaJibl TPaHCilOpTHpOBKH IlYtJKOB HH3KHX II cpe,llHHX 3Heprnii. 

HcrntJHHK KPHOH no npoeKry .llOJIJKeH o6ecnetJHTb noJiyqeHHe .llO 2,5· 109 

HOHOB Au31+ 3a 11MnyJI1,c c qacrnToii cJie,I10BaH11» 11MnyJI1,coB IO ru npn BpeMeHH 

BbIBO,lla HOHOB 113 HCTO'IHHKa OT 8,5 MKC. IlytJOK MHOrOKOMilOHeHTHbIH, IIIHpHHa 
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3apH,llOBOro cneKTPa ,llJIH HOHOB 30JIOTa (rrpH MaKCHMYMe TOKa ,llJIH Au31+) - OKOJIO 10 

3apH,llOBbIX COCTOHHHH, npH 3TOM ueJieBaH 3apH,llHOCTb (3apH,llHOCTb MaKCHMaJibHOH 

HHTeHCHBHOCTH) COCTaBJIHeT OKOJIO 15% nyqKa. MaJiaH ,llOJIH HOHOB ueJieBOH 

3apH,llHOCTH Ha BbIXO,lle HOHHOro HCTOtJHHKa HBJIHeTCH O,llHHM H3 <paKTopoB, 

orpaHH'IHBaIOIUHM HHTeHCHBHOCTb nyqKa B IiycTepe. 

KaHaJI TPaHcnopTHpOBKH HOHOB HH3KOH 3HeprnH, HatJHHaIOIUHHCH OT BbIXO,llHOro 

3JieKTPO.lla HCTOtJHHKa KPHOH, cocTOHT 113 Bblrnr11Ba10iuero 11 <p0Kyc11py10iuero 

3JieKTPO.llOB, ycKop»wiueii TPY6KH, .llBYX ocecttMMeTPHtJHbIX MarHHTHbIX JIHH3 11 

,llByxKOOp,llHHaTHOro ,llHilOJlbHOro KoppeKTopa. Jl11HettHblll ycKopnTeJib JIYTH COCTOHT 

113 TPex ycKop»IOIUHX CTPYKTyp: ceKu1111 RFQ 11 .llBYX ceKUHtt DTL c .llBYMH 

cornacyroiu11MH KaHaJiaMH TPancnopTHpOBKH IlYtJKOB cpe,llHeii 3HeprnH. Ha BbIXO,lle 

JIYTH nyqoK 30JIOTa c ueJieBoii 3ap».llHOCTbIO Au31+ 6y,lleT HMeTb ,llBe napa3HTHbIX 

3apH,llHOCTH - Au30+ II Au32+ - npH 3TOM HHTeHCHBHOCTb ueJieBOH 3apH,llHOCTH 6y,lleT 

COCTaBJIHTb nopH,llKa 40% OT IlOJIHoro TOKa nyqKa. OCHOBHble IlOTepH HOHOB 

HeUeJieBI>IX 3apH,llHOCTeii nponcxo,llHT B nepBoii ceKUHH JIYTH. Hatt6oJiee KPHTHtJHbIM 

yqaCTKOM HBJIHeTCH KaHaJI TPaHcnopTHpOBKH HOHOB Hll3KOH 3HeprHH, MO,lleJIHpOBaHHe 

,llHHaMHKH HOHOB B KOTOpOM Il0Ka3aJIO CIIJibHYIO 3aBHCHMOCTb norrepetJHoro 3MHTTaHca 

MHOrOKOMIIOHenrnoro nyqKa Ha BbIXO,lle KaHaJia OT TOKa, 'ITO Be,lleT K na,lleHHIO 

3<p<peKTHBHOCTH cornacoBaHHH nyqKa C aKcemaHCOM nepBOH ceKUHH JIYTH II 

cn11JKen1110 npoxoll(,lleHHH nyqKa B JIYTH B ueJioM [8]. 

IiyCTep NICA - cBepxnpoBOJIHIUHtt cnnxpoTPOH c nepHMeTPOM 210,96 M, 

pa3MeiuaIOIUHHCH BHYTPH HpMa 61,rnrnero MarHHTa CHHXpO<pa30TPOHa. OCHOBHbIMH 

3aJ(atJaMH liycTepa HBJIHIOTCH naKOilJleHHe HOHOB npH 3Heprnn HHJKeKUHH (.llO 2 • I 0 9 

HOHOB Au31+), <pOpMHpoBanne TPe6yeMoro <pa30BOro ofo,eMa nyqKa C HCilOJib30BaHHeM 

CHCTeMbl 3JieKTpOHHOro OXJiall(,lleHHH, ycKopeHHe HOHOB ,llO 3HeprHH, TPe6yeMOH MH 

HX 3<p<peKTHBHOH 06,llHpKH, C IlOCJie,llyIOIUHM 6bICTPbIM BbIBO,llOM nyqKa .llJIH ero 

HHJKeKUHH B HYKJIOTPOH. B KOJibUe IiycTepa OCHOBHbIMII <paKTopaMH, Be,llYJUIIMH K 

CHHJKeHHIO IIHTeHCHBHOCTII nyqKa Ha BbIXO,lle ycKop11TeJIH, HBJIHIOTCH orpaHH'IeHHH Ha 

xapaKTepHCTHKH naKOilJieHHOro nyqKa: 

I. HHTeHCHBHOCTb nyqKa ne MeHee 2 • I 0 9 HOHOB. 
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2. fipoti;OJihHhrii HMnyn1,cHhrii pa.36poc Mettee 1,5 · l 0-3. 

3. fopmOHTaJll,Hh]e H BepTHKaJll,Hl,Je HHBapHaHThl 6eTaTPOHHhlX KOJie6aHHH 

HOHOB He npea1,1ma10T 3Ha'leHHH 150 7t"MM"MPM H 58 1t·MM·Mpat1 COOTBeTCTBeHHO. 

3ati;a'la npoeKTI-IJ)OBaHID! CHCTeM nepeBOti;a nyqKa H3 JIYTH B EycTep 

3aKJIIO'laeTCH B BhI6ope MeTOtl;OB HH)KeKL1HH nyqKa B CHHXPOTPOH, a TaK)Ke ::weMeHTOB 

KaHana TPaHcnopTHpOBKH H CHCTeMhl HH)KeKL1~m, n03B0AAIOI.l.lHX Bl,IIIOJIHHTI, 

BhlllleH3JIO)KeHHl,Je Tpe6oBaHHH Ha napaMeTp1,1 nyqKa He3aBHCHMO OT HaJIH'lIDI 

q>aKTopOB, orpaHH'IHBalOI.l.lHX HHTeHCHBHOCTI, nyqKa, H C yqeTOM pac'leTHhlX 

xapaKTepHCTHK nytJKa Ha BblXOti;e JTYTH. .[(JIH pa.3Mell.leHHH YCTJ)Oi1CTB CHCTeMhI 

HH)KeKLIHH npeti;Ha.3Ha'leH 1-H npHMOJIHHeHHhIH npoMe)KYTOK H coceti;HHe perynHptt1,1e 

HtJeHKH apoK EycTepa. YcTPo»crna c1-1cTeMh1 HH)KeKLIHH, ycrnttaBJIHBaeMhJe B 

peryAApHhie HtJeHKH, pa.3MemaIOTCH BHYTPH KpHOCTaTOB Me)Ktly MOAYJIHMH 

CBepxnpOBOAHI.l.lHX MarHHTOB. 

CymecTayeT umpoKoe MHO)KeCTBO MeTOtl;OB HH)KeKl.lHH HOHHl,IX IIYlJKOB B 

CHHXpOTpOHhI, KOTop1,1e MOrYT 61,JTI, KJiaCCHq>Hl.{HpOBaHl,I no ABYM npmttaKaM: l) 

tJHCJIO HMIIYJihCOB HH)KeKl.lHH qacnu-1; 2) t(JIHTeJII,HOCTI, HMnyJihCOB HH)KeKl\HH. no 

nepBOMY npH3HaKy MeTOt(I,1 ti;eJIHTCH Ha Otl;HOKpaTHhie H MHOrOKpaTHI,Je, no BTOpOMY -

Ha Ot(H006opoTHl,Je H MHOroo6opOTHhie MeTOt(I,I HH)KeKl\HH. AHaJJH3 noti;XOAOB, 

npHMeHHeMhlX npH perneHHH 3ati;a'l TPaHcnopTHpOBKH H HH)KeKLIHH HOHHI,IX IIYlJKOB B 

CHHXPOTPOHhl, nOKa.31,IBaeT, 'ITO HMe101I.1eecH MHOroo6pa.3He MeTOtl;OB 1-fH)KeKLIHH B 

COBOKynHOCTH n03BOJIHeT peIITHTI, aec1, tta6op 3ati;a'l no nonyqeHHIO npoeKTHOH 

HHTeHCHBHOCTH HOHHI,IX IIYlJKOB B EycTepe. 

Bo BTOpOH rJiaBe q>opMyJIHpyeTCH KOHL1en11ID1 nepeCTPaHBaeMOH HH)KeKL1HH 

nyqKa B EycTep H ti;aeTCH on1-1catt1-1e pa.3JIHtJHl,JX cxeM, peaJJH3YIOI.l.lHX MeTOt(I,I 

Otl;HOKpaTHOH Otl;H0060p0THOH, Otl;HOKpaTHOH MHOroo6opOTHOH H MHOroKpaTHOH 

Ot(H006opoTHOH 1-!H)KeKl.lHH nyqKa B EycTep, BKJIIO'laH cxeMI,I C AByxcTyneH'laTI,IMH 

HMIJYJlhCaMH HHq>JieKTOpHblX TIJiaCTHH. fipHBOt(HTCH pe3yn1,TaThl 'lHCJieHHOrO 

MOti;eJIHpOBaHIDI AHHaMHKH nyqKOB np11 =eKLIHH B EycTep, aHaJIH3HpyeTCH 

3q>q>eKTHBHOCTI, 3aTIOJIHeHID! cpa.30BOro npocTpaHCTBa EycTepa HOHaMH npH 

HCIIOJI1,30BaHHH pa.3JIHtJHI,IX cxeM HH)KeKl.lHH, paccMaTPHBalOTCH 3aBHCHMOCTH 
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3cpcpeKTHBHhlX 3MHTTaHCOB HaKOnJieHHoro nytJKa OT 'laCTOTI,J 6eTaTPOHHl,IX KOJie6aHHH 

1-1 OT K03q>q>HL1Hettra paccornacoaaHHH HH)KeKT11pyeMoro nyqKa c EycTepoM. 

fipeti;CTaBJieHa KOHt.1ent.111H 11 pe3yJil,TaTl,I 'lHCJieHHOro MOti;eJIHp0BaHIDI ti;HHaMHKH 

nytJKa B 3JieKTp0CTaTl1'leCKOM cenTyMe CHCTeMI,I HH)KeKl\HH. 

fipeti;JiaraeTCH KOHL1elli]ID1 nepeCTPal1BaeMOH =eKLIHH nytJKa B EycTep -

KOHL1eIIL1IDI CHCTeMhl, HMe10me» B03MO)KHOCTI, peaJJH30BaTh HeCKOJil,KO 

aJJbTepHaTHBHhlX MeTOti;OB 11H)KeKl.lHl1 [l]. .[(aHHaH KOHL1eIIL1HH npeti;nonaraeT 

6eTaTJ)OHHOe HaKOnJieHHe HOHOB B ropH30HTaJlhHOH cjla.JOBOH IIJIOCKOCTH c1rnxpOTP0Ha. 

MeTOA Ot(HOKpaTHOH Ot(H006opoTHOH HH)KeKl.1111-1 paccMaTPHBaeTCH KaK MeTOA 

=eKl.1111-1 nyqKa B EycTep no YMOJI'iaHHIO . .[(AA yMeHhIIleHID! noTepb HOH0B HH3KHX 

3HeprnH BCJieti;CTBHe 3cpcpeKTOB npOCTJ)aHCTBeHHOro 3apHti;a H OIITHMH3al.111H apeMeHH 

BblB0ti;a HOHOB 113 HCTO'lHHKa KPHOH C t.1eJiblO nonyqeH11H BbJCOKOHHTeHCHBHl,IX 

ny'IKOB npeti;JiaraeTCH npHMeHHTI, MeTOA Otl;HOKparnoH MHOroo6opOTHOH HH)KeKL1HH 

nytJKa. B cnyqae Heti;ocTaT0'lHOCTH TOKa nytJKa, BbJBeti;ettttoro H3 HCTO'lHHKa KPHOH, 

npeti;naraeTCH HCnOJI1,30BaTI, MHOroKpaTHYIO Ot(H006opoTHYIO 11H)KeKL\HIO. Ha OCH0Be 

np11aeti;eHHblX KOHt.1enTyaJJhHl,JX perneHHJ.l pa.3pa60TaH cjlH3H'!eCKHH npoeKT CHCTeMhl 

HH)KeKL1HH nyqKa [l, 3, 9, 10], cocTOHIIleH H3 3JieKTPOCTaTH'!ecKoro ceIITYMa 113C H 

TPeX MOti;yJieH 3JieKTPH'leCKHX KHKepOB - HHq>JieKTOpHhlX nJiaCTHH Hfil-HfI3 (CM. 

P1-1c. l ). 3a Bl,IX0A 3JieKTpOCTaTH'leCK0ro cenTyMa npHHHTa t.1eHTPaJJhHM TO'!Ka 

npHMOJIHHeHHOrO npoMe)KYTKa. 3cpcpeKTHBHhle t(JIHHhl HHCjJJieKTOpHhlX IIJiaCTHH 

npHHHThl CJieti;yIOII.IHMH: Hfil 1-1 HfI3 - 0,45 M; I1fI2 - 0,8 M. 

HIII 113C 11II2 Hill 
Jl,HnOJl&HblH 

QF .ll,unOJlbllblii 
QF 

~ MantHT 

1...1.. 
• ~ _j_ 

QF'a ...L 

~ T ~ -,-
QD ;a 

T 

QD QD 

Pttc. I. CxeMa pa3Me111emu1 :meMeHTOB CHCTeMbl HHJKeKUHH fl)"!Ka B Eye-rep. O603Ha'!eHHJI: QF, QD 

- cporyettpyt0111He H .11ecj>oKycHpyt0111He KBa)lpyn0J\hHble JIHH3bl [3]. 

fipH Otl;HOKpaTHOH Otl;H0060p0THOH HH)KeKl.11111 nyqoK no ropH30HTaJll1 BBOt(HTCH 

a aaKYYMHYIO KaMepy EycTepa 1-1 ca)KaeTcH Ha Jati;attttyIO TPaeKTop1-110 LIHPKYAALIHH 
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nyqKa Mo,nyJieM 1rnqmeKTOpHbIX rmacnrn l1TI3. OcHOBHOll npoeKTHOll cxeMOll 

o,nHOKpaTHOll o,nHoo6opornott IIH)KeKQHH HBJUleTCH CXeMa c TOqHott noca,nKOll nyqKa 

Ha JaMKHYTYJO op6Hry II noJIHhIM cornacOBaHHeM co CTPYK'fYPHhlMH q>yHKUHHMII 

liycTepa. ,lvi» no,naBJieHHH 3q>q>eKTOB C,l(BHra qaCTOT 6eTaTPOHHhIX KOJie6aHHtt 

paccMaTPHBaIOTCH ,nBe ,nonOJIHIITeJihHhie cxeMhl llH)KeKQIIH. B nepBOll cxeMe 

HH)KeKT11pyeMhlll nyqoK He Ca)KaeTCH TOqHo Ha 3aMKHYTYIO op6HTy. BTOpa» cxeMa 

JaKJI10qaeTc» B HH)KeKQHH HecornacoBaHHoro c liycTepoM nyqKa npH coxpaHeHHH 

TPaeKTOpHH ,l(BH)KeHHH. O6e .nonoJIHIITeJihHhie cxeMhl 0,l(HOKpaTHOll o,nHoo6opornott 

HH)KeKIIHH MoryT o6ecneqHTh yBeJIHqeHHe rop1130HTaJihHOro 3MHTTaHca nyqKa BilJIOTh 

.no MaKCHMaJihHO .nonyCTHMOro 3HaqeHHH B 150 7t"MM·Mpa,n. 

,lvi» OCynieCTBJieHIIH 0,l(HOKpaTHOll MHOroo6opornott HH)KeKQIIII nepe.n HaqaJIOM 

BBO,na nyqKa B OKpeCTHOCTH cenryMa c nOMOIIIhIO HHq>JieKTOpHhIX IlJiaCTIIH l1TI1-J1TI3 

C03,naeTCH 6aMn 3aMKHYTOll op6HThl. BBo,n HOHOB npo,nOJI)KaeTCH B TeqeHHe ,nByx-TPeX 

o6opOTOB nyqKa. Tip11 ycJIOBHH nOCTOHHCTBa noJiett B HHq>JieKTOpHhIX nJiaCTIIHaX B 

TeqeHHe BBO,na nyqKa, HaKOilJieHHe HOHOB npo11cxo,nHT TaK, KaK 3TO noKaJaHO Ha P11c. 

2a, npH 3TOM ,nByx- II TPexo6opoTHaH HH)KeKQIIII npoBO,l(HTCH O,l(HHaKOBO. B 11eJIHX 

6onee KOMnaKTHoro JanoJIHeHHH HOHaMH ropmoHTaJihHOll qJa30B0ll IlJIOCKOCTII H 

YMeHhllleHHH 3MHTTaHca HaKOilJieHHoro nyqKa, npe,nJIO)KeH pe)KIIM pa60Thl 

IIHq>JieKTopHhIX IlJiaCTHH C ,nByxcTyneHqaThIM HMnyJihCOM, Kor.na BO BpeMH HH)KeKQHII 

npo11cxo,nHT CKaqKoo6pa3HOe H3MeHeHHe noJiett B HHX, nonyqaeMoe C noMOIIIhIO 

He3aBIICIIMOll 3ap»,nKII H pa3p»,nK1i 3JieKTPO.l(OB Mo,nyneil: HHq>JieKTOpHbIX IlJiaCTHH: Ha 

nepBOM 3Tane JIH)KeKQHII 3ap»)KeHhl o6e nJiaCTHHbl, B MOMeHT nepexo,na Ha BTopy10 

CTYUeHh HMnyJihCa npOH3B0,l(liTCH pa3p»,nKa 0,l(HOtt 113 rmacmH. Hatt6onee 

HHTepecHhIMII npe,ncTaBJIHIOTCH cxeMhl HH)KeKQHH C nepexo,noM Ha BTOpyIO CTYUeHh 

HMnynhca B Haqane nocne,nHero o6oporn HH)KeKIIHII: nocne nepexo,na Ha BTopy10 

CTYUeHh B Mo,nyJIHX J1TI2 11 HTI3, Ha BhIXO,ne nocJie,nHero Mo,nyJIH HHq>JieKTOpHhIX 

nJiaCTHH OCynieCTBJIHeTCH noca,nKa Ha 3aMKHYTYIO op6HTY reoMeTPJiqecKoro 11eHTpa 

HaKammBaeMoro nyqKa. OnttcaHHhitt no.nxo,n npe,nnonaraeT pa3JIHqH1,1e cxeMhI ,nJIH 

pa3JIJiqHhlX ,l(JIHTeJihHOCTett HH)KeKQHII. CxeMa ,nByxo6opOTHOll HH)KeKQHH c 

,nByxcTyneHqaThIMII IIMnyJihCaMH npHBe,neHa Ha PHc. 26. ,lvI» npoeKTHOll pa6oqeil: 
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TQqKJi liycTepa (Qx = 4,8; Qy = 4,85) OTHOIIIeHHe ropH30HTaJihHOro 3MIITTaHca 

HaKonJieHHOro nyqKa K 3MHTTaHcy HH)KeKmpyeMoro ,nJIH cxeMhl C nOCTOHHHOll 

JaMKHYTOll op6HTOll COCTaBHT OKOJIO 7,3, B TO BpeM» KaK ,nJIH cxeMhl c 

,nByXCTYUeHqaThIMH HMnyJihCaMH OTHOIIIeHHe 3MJITTaHCOB paBHO 4. Cne,nyeT 

OTMeTHTh, qTo ,nJIH TPexo6opoTHOll HH)KeKQHH IICnOJih30BaHHe ,nByxcTynettqaThlX 

HMnyJihCOB CynieCTBeHHOro BhIHrphIIIIa no ropH30HTaJihHOMY 3MHTTaHcy nyqKa B 

cpaBHeHHH co cxeMOll c nOCTOHHHOll op6HTOll He ,naeT. 

X' 

X 

2 o6opoT~---ffl 
cenry>1 

a) 

X' 

-Ill--·'<-C/lRHr 
op6HThl 

6) 

X 

P11c. 2. <l>a30Bbie rropTpeThl II)"IKa Ha BhIXO,[le 3JICKTJ)OCTaTIIqecKoro CCIIT)'Ma: a) rrp11 

MHOroo6opornoii. IIHlKCK~IIII C IIOCTOlIHHOii. 3aMKHyroii. op6moii.; 6) rrp11 ,zisyxo6opornoii. IIHlKe~IIII C 

,zisyxcryrre11qaTbIMII IIMIIYJihCaMII [ J]. 

OCHOBHhie cxeMhl MHOroKpaTHOll 0,l(H006opoTHOll HH)KeKQHH nyqKa 

3aKJI10qaIOTCH B ,nByx- HJIH TPeXKpaTHOM noBTOpeHHH o,nHoo6opOTHOll HH)KeKQHH C 

qacTOTOll 10 r11. TiepBhlll 3Tan IIH)KeKQHH ocymecTBJIHeTCH no cxeMe 0,l(HOKpaTHOll 

o,nHoo6opoTHOtt HH)KeKIIHH c rnqHott noca,nKott nyqKa Ha JaMKHYTYJO op6ITTy. Ha 

nocne,nyIOIIIHX 3Tanax nepe.n HaqanoM BBO,na IIOHOB Ha yqaCTKe JiH)KeKQHH C nOMOIIIhIO 

HHq>JieKTOpHhIX nJiaCTHH J1TI1-J1TI3 C03,naeTCH JIOKaJihHhlll 6aMn JaMKHYTOll op6HThl. 

Pean113yeTCH 60JihIIIOe qJiCJIO pa3JIJiqHhIX cxeM MHOrOKpaTHOli IIH)KeKQHH, KOTOpbie 

MO)KHO KJiaCCHqJHIIHPOBaTh no .l(BYM KpHTepH»M: l) HaJIJiqHe 3aBHCIIMOCTH napaMeTPOB 

TBHCCa HH)KeKmpyeMoro nyqKa OT nop»,nKOBOro HOMepa 3Tana HH)KeKQHH ( cxeMhl co 

CTaTHqecKHM H ,l(HHaMHqecKJiM pe)KHMaMII BBO,na nyqKa, peanmyeMbie nepeCTPOllKOll 

KaHaJia TPaHcnopTiipOBKH B HHTepBanax Me)K.l(y 3TanaMII HH)KeKQHH); 2) 
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IICIIOJihJOBamie pe:)l<HMa OAHOCTyneHqaTblX IIJill AByxcTyIIeJiqaTuIX llMIIYJihCOB B 

IIH<pJieKTOpHblX IIJiaCTHHax. CxeMbl MHOrm,paTHOll OAH006opoTHOll llH)KeKQIIll 

IIpeACTaBJieHhl Ha PIIc. 3. 

X' 
~--r-.... 

X X 

••-- •• J •• -· 

ce1np1 cenzyM 

a) 6) 

Pnc. 3. <l>a30Bb!C IIOPTJlCTbl Il)"IKa Ha BbIXOllC 3JICKTJ)OCTaTHqecKoro CCIIT}'Ma rrpn MHOroKpaTHOii 

OllHOo6opomoii llHlKCKllHH: a) c OllllOCT)'lleHqaTb!Mll, 6) c llByxCTyneHqaTbIMH HMIIYJibCaMH [!]. 

CornaCHO peJyJihTaTaM MOAeJIIIpOBaHIUI IIH)KeKQIIII IIyqKa, AJU1 BCero MHO)KeCTBa 

paCCMOTPeHHhIX cxeM IIH)KeKQIIII JHaqemUI ropll30HTaJibHOro '.lMIITiaHca 

HaKOIIJieHHOro IIyqKa HaXOMTCR B AllaIIaJOHe OT 15 AO 135 7t·MM'MPM n He 

IIpeBblIIIaIOT aKcernaHC IiycTepa, Ja IICKJIIOqeHIIeM 2 cxeM TPeXKpaTHOll llH)KeKQIIll c 

OAHOCTyneHqaThIMll IIMIIYJibCaMH, KOTOpble AaJiee He paccMaTPHBaIOTCJI B qIIcJie 

OCHOBHhlX cxeM llH)KeKQllll. 

}13 peJyJihTaTOB pacqeTOB OIIpeAeJieHbl OCHOBHhie IIapaMeTPhl YCTPOHCTB 

CllCTeMhl llH)KeKQllll IIyqKa B IiycTep. 3aJOpbl Me)l(Ay IIH<pJieKTOpHhIMll IIJiaCTHHaMH: 

IIIIl II lII13 - 102 MM; IIII2 - 93 MM. l(eHTP JaJopa IInacTHn IIII2 cMemen Ha 10,5 MM 

OTHOCHTeJibHO OCH IiycTepa. MaKCllMaJihHOe HaIIpR)KeHHe Ha 1mqmeKTOpHbIX 

IIJiaCTHHax COCTaBAAeT 65 KB, MaKCllMaJihHhlll CKaqoK HaIIpJI)KeJIHJI B pe)KHMe_ 

AByxcTyneHqaTbIX llMIIYJihCOB - 20 KB. 3JieICTpOCTaTllqecKIIll ceIITYM Tlllla CeKTOpHoro 

AeqJJieKTopa c KpllBll3HOll IlOBepXHOCTeil: '.lJieICTpOAOB 11,5 M II 11,535 M, 

COOTBeTCTBYIOmeil: BBOAHOH TPaeKTOpIIII IIyqKa, pa6orn10mnil: IIpll KOMHaTHOll 

TeMIIepaType • .ll:JIIIHa '.lJieICTpOCTaTIIqecKoro CeIITYMa - 1,9 M, yron Me)l(Ay q>llHaJihHhIM 

yqacTKOM KaHana II OCbIO IiycTepa - 9,5°. 3q>q>eKTllBHaJI TOJIIUIIHa HO)Ka cernyMa 

14 

,, 

.f 

" 

BhI6paHa paBHOll 1,5 MM. MaKCllMaJihHOe HaIIpR)KeHne B 3a30pe cenryMa AAA 

o6ecneqeHHJI Bcex OCHOBHhIX cxeM llH)KeKQllll IIyqKa COCTaBJIJieT 125 KB . 

B TJ)CTLeii rnaBe IIpeACTaBJieH IIpoeKT KaHana TPaHCIIOpTnpoBKH nyqKa JIYTII

IiyCTep, c o6ocHOBaHlleM OTAeJihHhIX peIIIeHHH, IIpllHll:ThIX ITO IIJiaHHpOBKe yqaCTKa 

IIepeBOAa nyqKa ll3 nYTII B IiycTep. IIpeACTaBJieHbl peJyJihTaThl qncJieHHOro 

MOAemipoBaHHJI ll llCCJieAOBaHhl pa3JillqHhle acneKTbl AIIHaMllKH nyqKa B KaHaJie 

TPaHCIIOpTllpOBKH: JaBIICIIMOCTh npOAOJihHhIX IIapaMeTPOB nyqKa Ha BhIXOAe KaHana OT 

aMIIJIIITYAhl Bq-IIOJIJI Ae6attqepa; BJIHJIHIIe Ae6aHqJipOBKII Ha IIOnepeqHYIO AIIHaMIIKY, 

a TaK)Ke conyTCTBYIOIUIIH pocT IIOnepeqHblX '.lMIITiaHCOB IIyqKa; BJIHJIHIIe OIIIII60K 

OilTJiqecKoil: CIICTeMhl KaHana Ha JIH)KeKQIIIO nyqKa B IiycTep. OnIICbIBaeTCR MeTOAIIKa 

HaCTPOHKII IIOHHO-OilTJiqecKoil: CIICTeMbl KaHaJia TPaHCilOpTIIpOBKII, npIIBOMTCR 

peJyJihTaThl anpo6aQIIII MeTOAIIKII Ha BIIPTYaJihHOll MOAeJIII KaHana. IloKaJaHO, qTo 

KaHaJI TPaHCIIOpTIIpOBKII o6JIMaeT rII6Koil: OIITIIqecKoil: CIICTeMoil:, Il03B0JIJIIOIUeil: 

npoBOAIITh HacTPoiiKy KaHana ITOA paJJIIIqH1,1e pa6oqJie ToqKJI IiycTepa II paJJIJiqHLie 

pe)KJIMhI pa6oTLI JIYTII. 

.lJ:nR o6ecneqeHHJI KOHQeIIQIIII IIepecTpaIIBaeMoil: IIH)KeKQIIII, pa3pa6ornH 

q>IIJJiqecKIIil: npoeKT KaHana TPaHcIIOprnpoBKH nyqKa nYTII-IiycTep [10, 12]. 

TpaeKTOpIIR IIyqKa B KaHane TPaHCIIOpTIIpOBKII, Jie)KamaR B MeAIIaHHOll IlJIOCKOCTII 

IiycTepa, npeACTaBAAeT co6oil: JIOMaHHYIO II3 ABYX AJIIIHHhIX npRMOJIIIHeHHhIX ceKQIIH 

II IIIIIKaHhl - ceKQIIII II3 AByx AIIIlOJihHhIX MarHIITOB B cpeAHeil: qacTII KaHaJia. 

HaqaJIJ,HaJI IIpRMOJIIIHeHHaJI ceKQJijJ: KaHaJia MIIHOH 7 ,3 M BKJIIOqaeT B ce6JI Ae6aHqep II 

CJIY)KJIT AAA pa3rpynnIIpOBKII nyqKa. IIepBhlll AIIIIOJihHhlll MarHIIT II npRMOJIIIHeiiHhlll 

yqacTOK Me)l(Ay AIIITOJlhHhIMII MarHIITaMII, o6pa3JIOIUIIMII IIIIIKaHy, MIIHOH 2,1 M 

IICIIOJihJYIOTCJI AJUI CeIIapaQIIII II IIornomeHHJI HeQeJieBhlX JapMHOCTeil: IIOHOB. 

<l>IIHaJihHaJI IIpRMOJIIIHeiiHaJI ceKQHJI AJIIIHOil: 6,65 M He IIepeceKaeT BaKyyMHbie 

KO)KYXII KpIIOCTaTa IiycTepa II BBOAIIT IIyqOK HaIIplIMYIO B '.lJieICTpOCTaTJiqecKIIll 

ceIITYM. KoMIIOHOBKa KaHana TPaHcnoprnpoBKH IIyqKa JIYTII-IiycTep IIpIIBeAeHa Ha 

Pile. 4. lIOHHO-OIITJiqeCKaJI CIICTeMa KaHana TPaHCIIoprnpoBKH COCTOIIT 113 ABYX 

AIIIIOJihHhIX MarHIITOB, 7 KBaAPYIIOJihHhlX JIIIHJ, 6 AByxKOOPAIIHaTHhIX AIIIIOJihHhlX 

KOppeKTopoB II Ae6aHqepa. IIpeAIIOCJieAHIIH KoppeKTop KaHaJia IICIIOJihJyeTCR AJIR 
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HaCTJ)OHKH TJ)aeKT0pHH rryqKa Ha BXO)le B 3neKTpOCTaT1flleCKHH ceIIT)'M, TJ)e6yeMOH 

,!I.Il.ll o6ecrreqeHH.ll pa3.JIWIHhlX cxeM HH)l(eKUHH rryqKa. CHCTeMa )lHarHOCTHKH rryqKa 

BKnl04aeT B ce6.ll 4 IIHilHH.Upa <l>apa)leR, 3 TpaHc<jlopMaTOpa TOKa, 5 KOp064aThIX J,f 4 

KHOII04HhlX IIHKaTIHhlX CTaHIIHH, 1 H3MepHTenh <jla3hl nyqKa H 6 MHOronpoaonoqHhIX 

npo<jlHnOMeTJ)OB [ I 3], 4TO II03B0IllleT H3MepRTh ornpoKHH Ha6op napaMeTJ)OB rryqKa. 

Y3eJI K0ililHMaTopa ycrnHaBJIHBaeTCR nepe)l BTOphIM )lHTIOilhHhlM MarHHTOM H 

ocyroecTBJIReT rrornoll]eHHe HeueneBhlX 3apR)lHOCTeH HOHOB. 

3775 

-dipole magnet l Faraday cup I beam profile monitor 

11 quadrupole magnet 
( fast current transformer 

~ collimator 
,e, shoebox pick-up 

~ debuncher l: button pick-up • valve 

~ steerer e phase probe ~ pump 

PHc. 4. KoMnOHOBKa Klma.na TpaHcnoprnpoBKH ny'!Ka JIYTI1-oyCTep [ 17]. 

J10HHO-OIITHqecKM CHCTeMa Kattana TJ)aHCIIOpTHpOBKH 06ecneq1-1aaeT 

HH)l(eKUHIO nyqxa B EycTep BCeMH paCCMOTpeHHhIMH cxeMaMH HH)l(eKUHH. I1pH 

ttaw)lettmrx ttaCTJ)OHKax nonepe'iHhJe axcenTattchr Kattana He Mettee 30 1t·MM·MpaA, 

rpa)lHeHThI nonew B JIHH3aX He npeBhJWalOT 9 Tn/ M. Cerrapa1111R H KonnHMaIIH.ll 

HeueneBblX 3apR)lHOCTeH ocymecTBnReTCR B HHTepaane OTHOWeHHR 3apR)lOB COCe)lHHX 

3apR)lHOCTeH l;Z BhIIIle I /50, HH)l(e 3TOro 3Ha4eHHR non Hoe pa3)leneHHe 3apRAHOCTeH He 
z 

)lOCTHraeTCR. TaK)l(e Kattan o6na)laeT )lOCTaT04HO rn6KOH HOHHO-OIITH4eCKOH 

CHCTeMOH, Il03B0IlMOIIIeH HaCTpOHTh ero IIO)l IDHpOKHH )lHaIIa30H pa3Ill14HhlX 

napaMeTJ)OB nyqKa Ha Bh!XO)le JIYT11 H pa604HX T04eK EycTepa ( 4,65 ~ Qx ~ 4,9; 4,5 ~ 

Qy~ 5,2). 

)];e6attqep ycrnHaBnKBaeTCR Ha pacCTORHHH 6 M OT BblXO)la JIYTl1 a 

6e3)lHCrrepCHOHHOH o6naCTH . .ll:nR BhI6paHHOro pacrrono)l(eHHR )le6aH4epa aMIIJIHTy)la 

Bq-IIOJIR 65 KB II03BOJIReT )'MeHbil!HTh rrpO)lOJihHbIH HMnynhCHhIH pa36poc rryqKa )lO 

3Ha4eHKH Mettee 1,5· 10-3. OueHKa BJIH_RHHH )le6aH4HpOBKH Ha norrepe4HYIO )lHHaMHKY 
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H BhIXO)lHble napaMeTJ)hl nyqxa IIOKa3ana, 4TO pocT 3q>q>eKTHBHhJX 3MHTTaHC0B 

TJ)aHcnopTHpyeMoro nyqxa COCTaBJIReT OKOJIO 30%. 

Onpe)lenem1 )lonycKH Ha BpeMeHHyIO CTa6H_Jll,HOCTh nonew )lHTIOilhHhIX 

MarHHTOB - ±5· 10-4. I1p11 )laHHhlX ypoBHRX BpeMeHHOH CTa6HJihHOCTH ycpe)lHeHHhlH no 

HMIIYJibCaM HH)l(eKIIHH pOCT nonepe4Hh]X 3MHTTaHCOB ny'iKa )lOCTHraeT 50%. 

I10Ka3aHO, 4TO CHCTeMa 6 )lHIIOJll,HhIX KOppeKTopoB Kattana o6na)laeT )lOCTaT04HOH 

rn6KOCThlO H o6ecneqHBaeT TpaHCIIOpTHpOBKY nyqxa B KaHane 6e3 IIOTepb npH 

ocna6neHHhIX )lOnycKax Ha IOCTHpOBKY MarHHTOB: npO)lOJll,HOe CMell]eHHe )lHTIOJll,HhlX 

MarHHTOB - ±20 MM; IIOB0pOT )lHilOilbHh!X MarHHTOB BOKpyr npO)lOilbHOH OCH - ±0,5 

rpa)lyca; nonepe4HOe CMeIUeHHe KBa,!lpynoJibHhlX JIHH3 - ±1 MM. 

Pa3pa6ornHa MeTO)lHKa HaCTpOHKH KaHana TJ)aHcnopTHpOBKH )lJIR nepeBO)la 

O)lHOKOMTIOHeHTHOro HOHHOro nyqKa, npe)lnonaraJ-OIUM JIOKanhHYIO K0ppeKUHIO 

TJ)aeKTop11_11 nyqxa Ha rrpRMOJIHHeHHbIX yqacTKax nepeA )le6aH4epoM 11 

JneKTJ)OCTaTH4eCKHM cerrTyMoM, 06ecneqHBa10oryJ-O rronHoe 3attynett11e HCKa)l(eHHR 

TJ)aeKTOpHH. qHcneHHOe MO)len11poBaHHe )lHHaMHKH rry'-!Ka C HMHTauwew HaCTJ)OHKH 

KaHana ITO pa3pa6oTaHHOH MeTO)lHKe Il0Ka3ano ee 3q>q>eKTHBHOCTb B nnatte nonyqeHHR 

TJ)e6yeMhlX rrapaMeTJ)OB ny'-!Ka Ha BXO)le a EycTep. 

B 'leTBepTOH npe)lCTaBneHbl npoeKThl YCTJ)OHCTB CHCTeMhI HH)l(eKIIHH nyqKa B 

EycTep, BKnl04M pe3ynhTaTbl qwcneHHOro MO)lenHpOBaHH.ll 3IleKTJ)HqeCKHX nonei1 

ycTpOHCTB, a TaK)l(e TeXHH'-leCKOe OIIHCaHHe H pe3ynhTaTbl HCIIhJTaHHH o6opy)lOBaHHR 

Kattana TJ)aHcnopTHpOBKH H CHCTeMbl HH)l(eKUHH nyqxa, BKnlO'JaR MarHHTHYl-0 

CHCTeMy, CHCTeMy 3IleKTJ)OIIHTaHHR MarHHTOB, )le6aHqep, CHCTeMy )lHarHOCTHKH 

ny'iKa, BaKY)'MHyJ-0 CHCTeMy, MO)lynH H_H<j)JieKTOpHhlX nnaCTHH C CHCTeMaMH TIHTaHH.ll H 

ynpaaneHH.ll, 3IleKTJ)OCTaTlflleCKHH cerrTyM C HCTO'IHHK0M mnaHHR. 

MarHHTHM CHCTeMa KaHana TJ)aHcnopTHpOBKH BKnlO'JaeT a ce6R HOpManhHO

npOBO)lRIUHe )lHilOilbHhie, KBMpyrr0JibHb!e H KOppeKTHpYIOIIIHe MarHHThl (AHIIOJII,Hhle 

KoppeKTOpa). ilHTaHHe KBa,!lpynonbHhlX IlHH3 KaHana TJ)attcrropTHpOBKH HMnyfilCHOe 

[13]. .ll:n.ll IIHTaHH.ll )lHIIOilbHh!X MarHHTOB HCIIOfil3YIOTCll KaK HMIIYJihCHbie HCTO'iHUKH, 

TaK H HCTO'JHHKH TIOCT0llHHOro T0Ka. )];11nonbHhle KOppeKT0pbl 3anHTbIBaIOTCll OT 

HCTO'JHHKOB IIOCTORHHOro TOKa. )];e6att4ep rrpe)lCTaBJIReT co6oi1 'IeThipeX-3a30pHblH 
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pe30HaTop, mnaHHe KOToporo ocyru,eCTBJUleTCH OT Cl1CTeMbl Bq-nHTaHJ1j( JIYTH. 

BaKyyMHaH c11cTeMa KamUia, rrpe.D.HaJHaqeHHM )].JUI o6ecne4eHJrn -rpe6yeMbIX 

BaKYYMHblX ycnOBl1H -rpaHCIIOpTHpOBKH rryqKa, BKmoqaeT B ce6H BaKyyMHbie 

rryqKQBbJe KaMepbl 11 Cl1JJbCpOHHbie KOMIIeHCaTOpbl, BaKyyMHbie w116epbl, 

cpopBaKyyMHble, Typ60MOJ1eKyJU1pHb1e, MaTHHTOpa3pH,D.Hble H reTTepHbie HaCOCbl, 

BaKyyMMe-rpbl, 6JJOKH yrrpaBJUIIO!lleH 3JleKTpOHHKl1 H peneHHM aBTOMaTHKa. 

Mo;:i;yn11 11HcjJJ1eKTopHbIX IIJJaCTHH HIII 11 HII3 ycrnHaenHBalOTCH BHYTPH 

Kp110CTaTa B rrep110.n.11qecKHX j(qeHKax EycTepa, 11HcjJJJeKTOpHbie nnaCTl1Hl,J J1I12 H 

3JleK-rpOCTaTHqecKHH cerrTyM Henocpe,D.CTBeHHO B 1-0M npHMOJll1HeHHOM 

rrpoMe)l(YTKe EycTepa, 60fillllaH qacn KOTOporo HaX0)].11TCH npH KOMHaTHOH 

TeMnepaType, a )].JUI Kp11oreHHl,IX H CBepxrrpOBO)].ID.QHX KOMMYHHKal.(HH C03,D.aeTCH 

6ai1:nac «Terrnoro» npoMe)l(YTKa. 

3neK-rpOCTaTJ1qeCKHH ceIITYM (CM. P11c. 5) npe,D.CTaBJIHeT co6oi1: )].Ba 3JleK-rpO,D.a C 

pa.n.eycaMl1 mm6a 11,5 M / 11,535 M 11 WHp11HOH 110 MM / 200 MM, ycTaHaBJJl1BaeMbie 

eepTHKafilHO BHYTPH BaKyyMHOro KO)l(yxa [4, 5]. 3roop Me)l(;:i;y 3JJeK-rpO,D.aMl1 - 35 MM, 

)].JIHHa ueH-rpanbHOH -rpaeKTOpHH IIOBOpOTa rryqKa B 3a3ope cenTYMa - 1,9 M. TonUJ,HHa 

HO)l(a ceIITYMa, B KaqeCTBe KOTOporo CJlY)l(l1T aHO.D., COCTaBJUleT I MM. l111TaH11e 

cerrryMa ocyru,eCTBJUleTCH 11CTO'!IDIKOM noCTOHHHOrO HarrpH)l(eHJ1j( . BblCOKOe 

HanpH)l(eH11e )].0 130 KB IIO,D.aeTCH Ha KaTO)]., aHO)]. 3aMbJKaeTCH. CornacHO pacqeTaM, 

MaKCl1MaJlbHM Hanp=eHHOCTb Ha KpaHX KaTO,D.a He npeBbIUiaeT 90 KB/ cM. 

HeO,D.HOpO,D.HOCTb 3JieK-rp114eCKOro noJUI B cerrTyMe B o6naCTH rrpOXQ)l()].eHHH IIY4Ka -

He 6onee ±I% rro Bcew UI11p11He 3a3opa. 

Mo.n.ynb 11HcpneKTOpHblX IIJlaCTl1H rrpe,D.CTaBJlHeT co6ow napy rrpocjJ11n11poBaHHbIX 

3JieK-rpO)].OB (.n.anee ITJlaCTl1Ha N2l 11 rrnaCTl1Ha N22 MO.D.YJU1), KOTOpble ycTaHaBJll1BalOTCH 

BepT11KanbHO BHy-rp11 OT.D.eJibHOH eaKYYMHOH KaMepbJ. l'lcnonb3YIOTCH MO.D.YJ111 .n.eyx 

Tl1ITOB, pron11qa10UJ,HXCH KOHCT{)YKTl1BHO, B TOM q11cne npocjJHJleM nnaCTHH, KOTOpblH 

06ecrreqJ1BaeT rronyqeH11e HeO,D.HOpO.D.HOCTl1 IIOJUI He 6onee ±1% B 06nacT11 

rrpoxo)l(,D.eHHH rryqKa. lfucpneKTOpHble rrnaCTHHbl 11112 (CM. P11c. 6a) HMelOT )].JJHHY 

nnaCTl1H 0,75 M, 3a30p COCTaBJUleT 93 MM. MaKCl1MaJlbHOe HarrpH)l(eH11e Me)l(.n.y 

nnacT11HaM11 HII2 He npeBbIIIlaeT 50 KB. IlnacTHHbJ Mo.n.ynei1: HIII /HII3 .D.JJHHOH 0,45 
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M, pacCTOHHl1e Me)l(,D.y IIJ1aCTHHaM11 COCTaBJUleT l 02 MM. BaKYYMHbie KaMepbI Mo;:i;ynei1: 

11111/11113 ycrnHaBnHBalOTCH B pa3beMHbJe BaKYYMHbie KO)l(YXM, HBJUllOUJ,HeCH qaCTblO 

Kp110CTaTa EycTepa. TaK)l(e Kp110CTaTHbIH MO.D.YJJh HHcjJJJeKTOpHblX IIJlaCTHH BKJIIOqaeT B 

ce6H TennOBbie Me,D.HbJe 3KpaHhI, BbICOKOBOJlbTHbte BBO}];bI, a TaK)l(e -rpaH311THble 

KOMMYHMKal.(Hll Kp11oreHHblX )1(11)].KOCTeH 11 CBepxnpOBO)].ID.Ql1X Jll1HHH 3JleK-rp114eCKOH 

CBH311 MarHl1THOH CHCTeMbI EycTepa (CM. P11c. 66). 

BX()J\IIOH 

,pnaueu 

<lln:aueu 
mKCKQHOKKhlii --

Auoit 

HJWIJm)p1,1 

PHC. 5. KoHCTp)'KllHll JJJeKT])OCTaTH'leCKOro cenryMa (4]. 

<l>.'JRIIUWJl,JUl 

a) 6) 
PHC. 6. KoHCTP}'KLIHll Mo.11y11efi HH<jJJJeKTOpHblX nJJaCTHH: a) MOJ1Y11b Hill (4]; 6) KpHOCTaTHblH 

MOJ1Y11b HIIIMTI3. 

CHCTeMa nl1Ta_HJ1j( 11HcjJJJeKTOpHbIX IIJlaCTl1H BKJllO'!aeT 5 11CT04HHKOB 

BbICOKOBOJlbTHOro HMIIYJlbCHOro IIBTaHHH [2], ocyru,ecTBJUllOilJHX He3aBHCHMYIO 

0)].HOnOJUIPHYIO 3apH.D.KY H pa3pH.D.KY IIJlaCTHH, COCTaBJIHlOillHX MO.D.YJlb (B MO,D.yne 11111 

rrnacTHHa N22 ecer.n.a 3aJeMneHa). C11cTeMa 06ecneq11eaeT .D.Ba pe)l(11Ma pa6oTbJ 
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ImqmeKTopHI,IX ruiacnm: C O,ll;HOCTyneHtJaThIMII II ,n;ByxcTyneHtJaThIMII IIMnynhcaMII 

HanpHlKCHlll. Pa:mIItJaIOTCH ,D;Ba TIIna IICTOlJHIIKOB nIITaHIIH. 11epBhlH. run IIMCCT 

aMnnIITy,n;y IIMnynhca ,no 65 KB II IICnORh3YCTCH MH BhICOKOBOllhTHOro nIITaHIIH 

nnaCTlIH N2 l MO,n;yneii. IIH<pneKTOpHhlX nnaCTlIH. Brnpoii. nm C MaKCIIMaRhHOii 

aMilnIITy,n;oii. 20 KB npe,D;Ha3HatJeH .n;nH nI1TaHilll nnaCTlIH N22 Mo,n;yneii. HII2 II 11113. 

B 2014-2021 IT. BhIIlORHHRIICh pa60Thl no ll3f0TOBRCHIIIO II KOMnneKTOBaHIIIO 

o6opy,n;oBaHIIH KaHana lpaHcnopTI1pOBKll II CIICTCMhl IIHlKCKIJIIII. B xo,n;e npOBC,ll;CHHhlX 

IICnhITaHIIH. 6bllII ,D;OCT:ttrHYThI npoeKTHhIC xapaKTepIICTIIKII o6opy,n;oBaHlll, lJTO 

no,n;TBep,n;IlnO npaB:ttnhHOCTh npIIHHThlX TCXHillJCCKIIX pemeHilii. 

B UHTOii rJiaBe npe,n;CTaBRCHhl pe3ynhTaThl qJil3IIlJCCKOro nycKa KaHana II 

CTapTOBOii KOHqJ:ttrypaIIIIII CIICTCMhl IIHlKCKIJIIII C UYtJKaMII IIOHOB renlll, yrnepo,n;a II 

lKene3a, BKnIOtJaIOIIJIIC ll3MepeHIIH napaMClpOB nytJKa. OnIIChIBaCTCH MCTO,ll;IIKa 

HaClpOHKII IIHlKCKIJIIII nyqKa B liycTep, o6cyJK,D;aCTCH ,ll;OCTaTOlJHOCTh KOMnOHOBKII 

CIICTCMhl ,D;IlarHOCTIIKll ny11Ka B liycTepe C TOlJKll 3pCHilll HaClpOHKII pa3n:tttJHhIX CXCM 

IIHlKCKIJIIII. 11pI1B0,ll;HTCH pe3ynhTaThl tJaCTillJHOH. anpo6aIJIIII MCTO,ll;IIKII HaClpOH.KII 

onTillJCCKOH. CIICTCMhl KaHana II CIICTCMhl IIHlKCKIJIIII C nyqKOM. 11oKa3aHO, lJTO 

O,ll;HOKpaTHaH O,ll;HOo6opoTHaH IIHlKCKIJIIH II nocne.n;yIOIIJaH IIIIPKYRHIIIIH nyqKa B 

liycTepe ,ll;OCTilraIOTCH npII napaMClpaX OnTlllfCCKOH. ClpyKTJPhl KaHana II yclpOHCTB 

IIHlKCKIJIIII nyqKa, 6nil3KIIX K npoeKTHhIM. 

AHanII3 B03MOlKHhIX no,n;xo,n;oB K HaClpOiiKe OCHOBHhIX CXCM :ttHlKCKIIIIII nyqKa B 

liycTep UOKa3hIBaeT, lJTO CIICTCMa ,n;IIarHOCTIIKll nyqKa n liycTepe, COCTOHIIJaH m 24 

nIIKanHhIX CTaHIJilii, a TaKlKC ,n;Byx lpaHCqJOpMaTopoB TOKa II IIOHll3aIJIIOHHOro 

npoqiIIROMClpa, pa3MCIIJaCMhIX B 1-M npHMORIIHCHHOM npOMClKYTKC, no3B0MCT 

OCYIIJCCTBMTh HaClpOHKY IIHlKCKIJIIII II IIIIPKYMIIIIII nyqKa B liycTepe. )VIH 6onee 

m6Koii II np03patJHOii HaClpOH.Kll IIMnynhCHOro 6aMna 3aMKHYTOii op6I1Thl, 

C03,D;aBaeMOro npII MHoroo6opOTHOH. II MHOroKpaTHOH. IIHlKCKIJIIII, npe,n;nOlKCHa 

ycTaHOBKa ,n;Byx ,n;ononHIITCllhHhIX nIIKanoB no KpaHM 1-ro rrpHMORIIHCH.HOro 

rrpoMClKYTKa. 

11pe,n;nolKeHa MCTO,ll;IIKa HaClpOH.KII O,ll;HOKpaTHOii 0,ll;H006opoTHOH. IIHlKCKIIIIII 

rry11Ka, OCHOBHaH ll,ll;CH KOTOpoii. 3aKnIOtJaeTCH B rrony11eHIIII rrepecetJCHIIH B IICHlpC 
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MO,D;YM 11113 3aMKHYTOH. op6IIThl II lpaCKTOpIIII IIHlKCKTlipyeMoro rryqKa Ha rrepBOM 

o6opoTe, lJCM ,n;ocruraeTCH TOtJHaH IIOCa,D;Ka rryqKa Ha op6lJTY [17]. MCTO,ll;IIKa 

OCHOBaHa Ha BOCCTaHOBnCHIIII qJa30BhIX lpaCKTOpIIii rryqKa no rroo6opOTHhIM 

ll3MepeHIIHM ero IIOROlKCHilll Ha yqacTKC IIHlKCKIIIIII. C IIOMOIIJhIO pa3pa60TaHHOii 

BIIpTyanhHOii. MO,n;enII liycTepa 6hma rrpoBe,n;eHa arrpo6a11lll MCTO,ll;IIKII HaClpOHKII, 

KOTOpaH IIOKa3ana BhICOKYIO m6KOCTh ,n;aHHOii MCTO,ll;IIKII II B03MOlKHOCTh ee 

IICIIOllh30BaHlll ,D;nH II3Mepemur tJaCTOT 6CTalpOHHhIX KOne6aHIIH. II CTPYKTYPHhlX 

qJyttKIIIIH. YCKOpIITenH. 

B xo,n;e lpCX rrepBhIX ceaHcoB rrycKoHana,n;otJHhIX pa6oT (11HP) liyCTepa, 

rrpoBe,n;eHHhlX B ,n;eKa6pe 2020 r,, n CCHTH6pe 2021 r. II B nepIIO,ll; c HHBapH IIO arrpenh 

2022 r., 6hm OCYIIJCCTBneH qJll3IIlJCCKilii rrycK liycTepa II KaHana TpaHCIIOpTlipOBKII 

JIYT11-:6ycTep [6, 14-20]. B rrepBOM ceaHce 11HP 6hmI1 rronyqeHhI IIHlKCKIIilll II 

IIIIPKYRHIJIIH rryqKa IIOHOB renIIH 4He1+, a TaKlKC OCYIIJCCTBRCHO IIX ycKopeHIIe B 

liycTepe ,no 3HepmII 100 M3B/H. bhina 3aqJIIKCIIpOBaHa MaKCIIManhHaH B CTapTOBhlX 

ceaHcax IIYCKOHana,n;otJHhIX pa6oT (ITHP) liycTepa IIHTCHCIIBHOCTh IJIIpKynIIpyI0111ero 

rryqKa: 7 · 1010 
IIOHOB renIIH, lfTO no 3apH,D;y COOTBCTCTBYCT npoeKTHOH. IIHTCHCIIBHOCTII 

IIOHOB Au
31

+. B HatJane BTOporo ceaHca ITHP TaKlKC IIpOBO,ll;:ttnIICh pa60Thl C nyqKOM 

IIOHOB renilll 
4
He

1
+, C ycKopeHIICM IIOHOB ,no 3HeprIIII 240 M3B/H. 3aTeM 6hma 

rrpOII3Be,n;eHa 3aMeHa IIOHHOro IICTOlJHIIKa Ha BXO,ll;e JIYTl1 II ycrremHO 

IIHlKCKTilpOBaHhl II ycKopeHhl Ha 5-ii rapMOHIIKC YCKOpHIOIIJero Bq-rronH IIYtJKII IIOHOB 

56
Fe

14
+, C 3qlqJCKTlIBHOCThlO a,n;IIa6aru11ecKoro 3aXBaTa B pelKIIM ycKopeHilll 6onee 95%. 

l1paKIB11ecKI1 6e3 rrOTeph nyqoK 6hm ycKopeH ,no 3HepmI1 65 M3B/H, pa3rpynrrI1poBaH 

II CHOBa crpynIIIIpOBaH Ha 1-ii rapMOHIIKe Bq-IIOM, nocne qero ycKopeH ,no 

npoeKTHoii. 3HepmI1 578 M3B/H npII TeMrre poem MarnIITHoro nonH 1,2 Tn/c. TaKlKe 

6hm OCYIIJCCTBnCH BhlBO,ll; IIOHOB m liycTepa II IIX lpaHCIIOpTIIpOBKa no KaHany 

lpaHcrroprupoBKII liycTep-HJKnOlpOH. B xo,n;e lpCThero ceaHca 11HP 6hmII 

IIHlKCKTilpOBaHhl IIOHhl yrnepo,n;a 12c4+, ycKopeHhl ,no 3Heprllll 263 M3B/H, 3aTeM 

060,n;paHhl Ha 06,n;IIpOtJHOH. MIIIIICHII IIpII BhIBO,D;e lI3 liycTepa ,no H,D;ep II IIO KaHany 

liycTep-HyKnOlpOH BBC,ll;CHhl B KOllhIJO HyKnOTpOHa. B IITOre, B lpCThCM ceaHce 
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06opyAOBam1e KamU1a J1YTH-EycTep 11 c11cTeMbJ 11H)KeKQ1IB 6e3 c6oes OTPa6onU10 B 

Te'leH11e 6onee ABYX MeCHI.\eB. 

Ilepsoe TecTosoe BKmoqeHHe Kattana TPattcnopT11poBKH J1YTH-EycTep c 

nJJa3MeHHbIM HCTO4Hl1KOM HOHOB remui 4He1+ 6bIJJO npoBeAeHO B AeKa6pe 2019 r., Ha 

npoMe)KYTO'IHOH CTaAHH MOHTa)Ka CTapTOBOH KOHcjmrypalll1H KaHana, 6e3 KOHe4HOH 

qacTH HOHOnpOBOAa Kattana nepeA 3JleKTpOCTanrt:JeCKHM cenTYMOM. Ilocne ycTaHOBKH 

paC'!eTHbIX TOKOB B MafHHTbl Kattana rryqoK 6bIJJ AeTeK'rnpoBaH Ha ero BbIXOAe. B XOAe 

cjl11311qeCKOfO nycKa BO BpeMH ceaHCOB ITHP B Kattane 6wna npoBeAeHa KOppeKUHH 

TPaeKTop1111 ny'!Ka Ha yqacTKax nepeA Ae6att'lepoM 11 B KoHue Kattana, B pe3yJJbTaTe 

qero 6bIJJa AOCTHrHYTa TPattcnoprnpOBKa ny-qKa C K03cjlcjlmJ,HeHTOM rrpOXO)KAeIDUI B 

KaHane He Mettee 90% (cM. PHc. 7). Ilp11 HacTpoiixax KBaApynoJJbHbIX JJHH3, 6llil3KHX K 

TeopeTH'!eCKHM, H3MepeHHH nonepe'!HbIX npocjl11neii rryqKa ITOKa3aJJH COOTBeTCTBHe 

3KCnepHMeHTaJJbHblX AaHHbIX TeopeTH'leCKHM pa3MepaM ITYt:J_Ka He xy)Ke 30%. 

PHC. 7. CHrttllJlbl ny<JKa Ha TpaHCqJOpMaTOpax TOKa B Ha'lllJle (lKeJITall KpHBall) H B KOHQe Ka1rnna 

(3eJieHall KpHBall}. ,l(enem1e BpeMeHHOH WKllJlbl - 5 MKC; AeJieHHe sepTHKllJlbHOH WKllJlbl - I MA. 

B rrpouecce HaCTPOHKll TPaeKTOp1111 nyqKa Ha cjl11ttanbHOM yqacTKe Kattana 1-1 s 

CB»3Ke 3JJeKTPOCTaTll'!eCKOfO cenTyMa H HHcjlJJeKTOpHblX nnacnrn HI12 6wna 

AOCTHrHYTa 3cjlcjleKTHBHOCTb rrpOXO)l(AeHHH He Mettee 90%. MaKCHMaJJbHbIH lTHKOBblH 

TOK llli)KeKTltpOBaHHOfO ny'!Ka, Ha6moAaBWHHC» B KOJlbUe EycTepa, AOCTHfaJJ 3 MA 

np11 TOKe nyqKa 3,5-4 MA tta BbIXOAe J1YTH. 

B xoAe ceaHcoB I1HP EycTepa 6brna onpo6osatta 11Tepau11otttta» npoueAypa 

TIOACTPOHKll llHcjJJieKTOpHblX nnaCTHH H KOppeKQHll 3aMKHYTOH op6HTbl C 

113MepeHHHMH cjlaJOBblX TpaeKTOpHH nyqKa Ha BblXOAe cenTyMa, C ITOMOIIJ,blO KOTOpOH 

6b1Jla nonyqeHa HH)KeKQHH c aMTIJlHTYAOH KOrepeHTHblX KOJJe6aHHH ITYt:JKa He 6onee 1 
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MM ( CM. P11c. 8), npH 3TOM lTOTepH l1H)KeKT11poBaHHoro rryqKa B KOJlbUe Ha rrepBbIX 

o6opornx He npeBbiman11 10%. 

6) 

PHc. 8. <l>aJOBble TpaeKTOpHH KOrepeHTHblX KOJie6aHHH nyYKa, H3MepeHHbie 3a nepBbie 30 o6opOTOB 

QHPKYJIIIQHH: a) AO BbinOJIHeHHII nOACTpoHKH HHqJJieKTOpHblX nnaCTHH H KOppeKQHH JaMKHYTOH 

op6HTbI ; 6) nocne nOACTpOHKH. KpacHbie TO'lKH H306palKa!OT BOCCTaHOBJieHHbie Ha'lllJlbHbIC 

nOJIOlKeHHll nyYKa. 

IlpeAJJO)KeHHa» MeTOAHKa MOHllTOpHHra cjlaJOBblX TPaeKTOpHH nyqKa lTOKa3aJJa 

CBOIO 3cjlcjleKTHBHOCTb KaK HHCTPYMeHT 113MepeHHH AHHaMH'leCKHX xapaKTepHCTHK 

ycKop11Ten». B TpeTbeM ceattce ITHP EycTepa 6hrna npoBeAeHa nOACTPOHKa 

CllttxpoTPOHa B npoeKTHYIO pa601Jy10 TO'!KY, 11 no pe3yfilTaTaM H3MepettHH 

pacxo)l(AeHHe Me)l(Ay TeopeTH'leCKHMll H H3MepettHblMH 3Ha'!eHl-UIMH CTPYKTYPHblX 

cjlyHKQHH EycTepa cocTaBHJJo He 6onee 5%. 

B 33KJIIO'leHHH rrpeACTaBJleHbI OCHOBHbie pe3yJJbTaTbJ pa60Tbl. 
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Ilo.n; PYK0B0)];CTB0M aBT0pa, JUiqHQ Hllll nptt ero onpe.n;erunorn;eM yqacTHll 

pemem,1 cne.n;y10mne 3a.n;aqn: 

1) Ilpe.n;no)Ketta H qimnqecKH o6octtoaatta K0HIIeIDIIDI nepecrpanaaeMoii: 

llH)KeKIIHH nyqKa TJ'I)KenhIX H0H0B a IiycTep, BKnIOqaIOrn;lUI MeT0)];bl o.n;ttoo6opoTHOH, 

MHOroo6opornoii: Ii MHOroKpaTHOH HH)KeKIIlili. Kott11en11IDI Il03B0JU!eT pemaTb 3a.n;aqn 

HaKonnettIDI nyqKQB rpe6yeMOH liHTeHCliBH0CTli npn pa3nttqHhlX pe)KHMaX pa60Tbl 

nl.)KellOiiOHHOH llH)KeKIIHOHHOH 11enoqKH ycK0pHTenhH0ro K0MnneKca Ii npn ttannqnn 

pa3nnqm1x q>aKTopoB, npHB0)];Hlil;liX K Il0Tep»M li0H0B. 

2) Ilpe.n;no)KeHbl Ii q>ll3HqecKH o6ocHOBaHhl npoeKTbl CliCTeMhl llH)KeKIIIili nyqKa 

B IiycTep Ii Kattana rpattcnopTiip0BKH nyqKa JIYTII-IiycTep, 06ecneqnaa10rn;ne 

peann3allliIO pa3nnqm1x cxeM HH)KeKIIttH nyqKa, B TOM qncne c ncnonh30BatttteM 

.n;ayxcrynettqaThIX liMnynhC0B B HHq>neKTopHhlX nnaCTHHax CHCTeMbl liH)KeKIIlili. 

IIcnonh30BaHHe He3aBHCliM0ro IlllTaHiiH liHq>neKTOpHblX nnaCTHH Ii nepecTpOHKli 

KaHana JIYTII-IiycTep npHB0)];liT K 6onee K0MilaKTH0MY 3anonHeHHIO li0HaMH 

q>a30Boro npocrpattcTBa n, cne.n;oaaTenbtt0, K MHHHMH3aIIHH 3MHTTattca ttaKonnettttoro 

nyqKa. 

3) Pa3pa6oTaHbl TexttnqecKHe npoeKTbl n npoae.n;ettbl CTeH)];0Bhle liCilbITaHHH 

o6opy.n;oBaHIDI Kattana rpattcnoprnp0BKii nyqKa JIYTII-IiycTep n ycrpoii:CTB CiiCTeMhl 

liH)KeKIIllli nyqKa B IiycTep B crnpTOBOH KOHqmrypaIIHii. B xo.n;e IiCilhITaHlill Ha BCeM 

o6opy.n;oaattnn nonyqetthI npoeKTHhie napaMerphI, tteo6xo.n;ttMhle .n;IDI pa6oThI c 

nyqKQM B CTapT0BhlX ceattcax. 

4) C IiCil0llb30BaHtteM npe.n;no)KeHHhIX Ii pa3pa6oTaHHhlX CliCTeM liH)KeKIIHli ll 

Kattana rpattcnopTHp0BKH ocymecrnnett qimnqecKHii: nycK IiycTepa. fnaBHhIM HT0roM 

nycKottana.n;oqHhIX pa6oT tta Kattane rpattcnopTnpoBKH cTan nepeao.n; nyqKa B Kattane c 

BbIC0KliM K03qlq>liIIlieHTOM npoX0)K)];eHIDI - He Mettee 90% nptt 3HaqeHIDIX ycrnB0K 

CHCTeM, 6nH3KliX K npoeKTHbIM. O.n;HHM Ii3 0CH0BHbIX pe3ynhTaT0B ceaHC0B 

nycK0Hana.n;oqHhIX pa6oT IiycTepa HBJUIIOTCH liH)KeKIIIDI nyqK0B H0H0B 4He1+, 12c4+ H 

56Fe14+, a TaK)Ke nonyqetttte HX ycToii:qHBOH llliPKYIDIIIlili B K0llhIIe C MllHHManbHhlMll 

aMITnHTy.n;aMH KorepeHTHblX Kone6aHHH. 
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5) Ilpe.n;no)Ketta H anpo6npoaatta Mern.n;nKa ttacrpoii:KH HH)KeKIIHH nyqKa B 

IiycTep, 0CH0BaHH!i!I Ha ll3MepeHHHX qla30BhlX rpaeKTopnii: nyqKa Ha BhIX0.n;e 

3neKrp0CTaTHqecKoro cenryMa CliCTeMbl llH)KeKIIHli. Dhill nonyqeH 0ilbIT Hacrpoii:KH 

llH)KeKIIlili nyqKa B IiycTep C HCil0llh30BaHHeM .n;aHHOH MeT0)];IiKH HacrpoiiKH, qTo 

Il03B0nHT B .n;anbtteii:meM pa3BliTh MeT0)];hl aBTOMaTll3ttpoBaHHoii Hacrpoii:Ktt Kattana Ii 

K0llhIIa IiycTepa Ha 0CH0Be BHpryanhHbIX Mo.n;eneii:. 
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