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n~cc•t=UHOHHoro cooep! /./tyv / ~$~•• BancHTHH McKCaHllpOBH" 

0.61.QMI XAPAKTEPHCTIIKA P A.60Tbl 

AKTyaJILHOCTL pa6oTLI. O.nHoii H3 BaJKHeiiumx 3a.l(aq, peruaeMLIX Ha mo6oM 

YCKOpHTeJibHOM KOMnJieKce, HBJIHeTCH pa3pa60TKa H C03.l(aHHe COBpeMeHHbiX CHCTeM· 

.nHaruocTHKH H MOHHTOpHpoBaHHH rryqKoB. B paMKax peaJIHJaunn npoeKTa NICA · 

[1] H 3KcnepHMeHTOB c BLIBe.neHHLIMH rryqKaMH ycKopineJILHoro i<oMnJieKca 

HyKJiorpOH (Jill>B3 0115IM) B 2011 r. 6Lma nOCTaBJieHa 3a.l(aqa no C03.l(aHHIO HOBbiX 

,l(eTeKTOpOB .l(JIH .l(HarHOCTHKH H MOHHTOpUpOBaHHH BHyTpeHHHX (UHpeynHpyiOJUIIX) 

nyqKOB TH)I(eJibiX HOHOB [2). 

Ha HyKJiorpoue npoBO.l(HTCH irmpoKHii cneKrp 4Jyii.naMeHTaJILHLIX H 

npHKJia.l(HbiX HCCJie.l(OBaHHH C nyqKaMH HOHOB pa3HOrO COpTa '(B TOM qficne H 

TH)I(eJiblX UOHOB) B ,l(HanaJOHe HHTeHCUBHOCTeii OT e.l(UHHU .l(O 1011 qaCTHU 3a UHKJI 

YCKOpeHHH. ,[(nH pa60Tbl Ha MaKCHMaJibHbiX npoeKTHbiX HHTeHCIIBHOCTHX Ha 

HyKJiorpoue cymecmyer cHcTeMa .l(HaruocTHKH n~qKa, pa3pa6omunax H coJ.nannax 

na nepuo.n nycKo-Hana.noquLIX pa6oT, KOTopax no3BOJIHeT nacrpauBaTL ycKopuTenL 

npu HHTeHCHBHOCTH CBbii.IIe 108 
O.l(H03apH.l(HbiX UOHOB. ,[(nH pH.l(a lPYH.l(aMeimuiLHbiX 

H npHKJia.l(HbiX HCCJIC.l(OBaHHH ( TaKHX KaK HCCJIC.l(OBaHIUI B 06JiaCTH pa.nuo6HC)Jioruu, 

HJyqenHe pa.l(HaUHOHHOH CTOHKOCTH 3JieKrpOHHbiX KOMnOHeHTOB · H .l(p.) rpe6yeTCH 

HacrpOHKa H pa6oTa YCKOpHTeJIH npH HHTeHCHBHOCTHX CYIUCCTBCHHO MeHbi.IIHX 

MaKcHMaJILHLrx npoeKTii:Lrx. CymecTBYCT npo6.rieMa uacrpoiiKu · ycKopeHHH H · 

KOHrpOJIH Me,l(JieHHOro BbiBO.l(a nyqKOB HOHOB C HH3KOH HHTeHCUBHOCTbiO OT e.l(HHHU 

.no 10
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qacTHU Ja UIIKJI ycKopemrn. PeruenHe 3TOH aKT)'aJILHoii npo6neMLI HBJIHeTcH 

O.l(HOH H3 3a.l(aq .l(HccepTaUHOHHOH pa60TLI. . 
Bocrpe6oBaHHLIM H aKT)'aJILHLIM narrpasnenueM B o6nacTH npHKJia.l(HLIX 

HCCJie.l(OBaHHH C nyqKaMH peJIHTHBHCTCKHX HOHOB HBJIHeTCH HJyqeuHe 

pa.nHaUHOHHOH CTOHKOCTH H3.l(eJIHH 3JiercrpOHHOH TeXHHKH (113T) U HCCJIC.l(OBaHUe 

BJIHHHHH HOHH3HpYIQJUHX H3yqeHHH Ha 6HOJIOruqecKHe 06'beKTbl. 3all{HTa OT 

pa.nHauHOHHOrO B03.l(eHCTBHH KaK JICrKHX 3JieMeHTapHbiX qaCTHU, TaK H TH)l(CJibiX 

HOHOB (B OC06eHHOCTH HCCJie.l(OBaHHH e.l(HHHqHbiX 3!lJ$eKTOB OT JIOKaJibHOro 

B03.l(eHCTBHH TH)I(eJioro HOHa) CTBHOBHTCH BIDKHbiM $aKTOpOM B peaJIH3auHH 

uauHonanLHLIX nporpru.j:flA~~:m{H~rutl 
BHBJIMpTEI<A 

nvrqw 
---' 

[3,4]. HaH6onee 



llO,ll;XO)J;ll~liH ,D;Haml30H :mepnm ll)"'KOB IIOHOB ,D;ml npoBe,D;eHml TaKIIX 

IICCJIC,D;OBaHHH COOTBCTCTByeT liHTCpBaJIY I 00 - 2000 M3B/H)'KJIOH, qTo COrJiacyeTCH 

c npoeKTHbiMII napaMeTPaMII BbiBe,D;eHHbiX nyqKoB HyKJIOTPOHa. Pa3pa6oTKa, 

C03,D;aHHe H ll)"'KOBbiC liCllbiTaHHH llpOTOTIIlla CllCl(HaJIH3HpOBaHHOrO 

o6nyqaTCJibHOro :cTeH,D;a ,D;JIH npHIOia,D;HbiX HCCJIC,D;OBaHHH HBJIHCTCH COCTaBHOH 

qaCTbiO HaCTOH~efi ,ll;IICCepTal(IIOHHOH pa60Tbi. 

Ha BbiBC,D;CHHbiX nyqKax HyKJIOTPOHa B paMKax npoeKTa 
.• J 

«3HeprnH+ T paHcMyTal(HH» [5,6] TPa.D;Hl(IIOHHO npoBOMTCH YHHKaJibllbie 

3KCllepHMCHTbi llO 06JiyqeHHIO npOTH)I(CHHbiX MHIIICHCH H3 TSI)I(CJibiX 3JICMCHTOB 

(«raMMa-3», «KBMHTA» H ,D;p.), B KOTOpbiX aBTOp HaCTOH~eH ,D;HCCepTal(HH 

npiiHHMaeT aKTHBHoe yqacTIIe. OnniT npoBe,D;eHnH TaKHX nccne,D;oBaHHH noKaJaJI 

He06XO,D;IIMOCTb C03,D;aHIIH HOBbiX COBpeMeHHbiX CHCTCM ,D;HarHOCTIIKH H 
(It 

MOHHTOpHpOBaHHH npOCTPaHCTBCHHO-BpeMeHHbiX xapaKTepiiCTHK BbiBC)J;CHHbiX 

nyqKOB. Pa3pa60TKe, C03,D;aHIIIO, nyqKOBbiM HCIIbiTaHHHM H BBO.D;y B 3KCIIJiyaTal(HIO 

HOBOH CHCTCMbl MOHIITOpiipOBaHHH BbiBC)J;CHHbiX nyqKOB llOCBH~eHa qacTh 

,D;HCCepTal(HOHHOH pa60Tbl. 

OnHcaHHbie B ,D;HccepTal(HH pa6oTbi o6»e.D;HHeHbi o6~eii aKryaJibHOH 3a,D;aqefi

C03,D;aHHe CHCTCM CHHXpOHHOrO H3MepeHHH H KOHTPOJIH llpOCTPaHCTBCHHO

BpeMeHHbiX xapaKTepHCTHK nyqKOB B IIpOl(CCCe YCKOpeHHH, BbiBO,D;a H 

TPaHcnoPTHPOBKH .D;O IIOTPe6HTeJIH B pe)I(IIMe peaJII>Horo BpeMenH. 

:' 1'~. 

' -~ 

UeJJb pa6oTbl cocToHJia n pa3pa6oTKe, COJ,D;anmi, · ncnbiTaHHH H: ''BBO,D;e B 

3KCllJIYaTal(HIO CHCTCM .,D;HarHOCTIIKH H MOHHTOpHpOBaHHH 'l(HpKymipyiO~llX H 

BbiBe,D;eHHbiX'riyqKOB ycKopHTeJibHOro KOMllJieKca HyKJio'rpoil JI<I>B3 OlUII1. 

3TOH l(CJIII 6niJIH llO,D;qliHCHbi CJIC.D;yiO~He nanpaBJieHHH pa60Tbi aBTOpa:. 

I) Pa3pa6oTKa )J;eTCKTOpa Ha OCHOBe MHKpOKaHaJibHbiX nnacmH. (?v1KTI) JlJIH 

Hepa3pymaro~eii ,D;IIarnocTIIKII l(IIPKYJIHpyro~ero nyqi<a HyKJioTPoira. 

. 2) HcnbiTaHne .,n;eTeKTopa na ocHOBe 'MKil H:a cnel(HaJIU3HpoBaHHOM 

BaKYYMHOM cTeH,D;e n Ha nyqKax HyKJIOTPQHa. 

3) Pa3pa6oTKa nporpaMMnoro o~ecneqeHHH (ITO) .D;JIH c6opa, xpaHeHIIH n 

on-line BH3YaJIH3al(HH ,D;aHHbiX C CIICTCMbi ,D;HarHOCTHKH l(HPKYJIIIpyro~ero nyqKa na 

OCHOBe MKIJ' B · paMKax npHHHTOH Ha YCKOpHTCJibHOM KOMllJICKCe CUCTCMbi 

«Tango» 
1
• 

4) Pa3pa60TKa, C03,D;aHHe H · nyqKOBbiC HCllbiTaHHH )J;CTCI<TOpOB CHCTCMbi 

MOHHTOpHpOBaHHH npoTOmna o6nyqaTeJinHoro cTen,D;a MH i:q)HKJia.D;HbiX 

HCCJie,D;oBaHnii na BbiBe,D;eHHbiX nyqKax HyKJIOTPOHa. 

5) Pa3pa6oTKa n coJ)l;aHJie .D;HCTaHl(HOHHo ynpaBrrHeMoii · cHcTeMbi 

II03Hl(HOHHpOBaHHH o6nyqaeMbrX06'beKTOB H nyqKOBbiX ,D;eTeh.-rOpOB CTeH,D;a.· ··' . 

· 6) Pa3pa60TKa H. npnMeHeHne MeTO,D;UKH npoBe,D;eHHH o6rr)"'eHHH HCCJIC.D;yCMbiX 

o6pa3l(OB Ha IIpOTOTHlle o6nyqaTeJibHOrO CTeH,D;a. 

7) Pa3pa6oTKa, coJ,D;anne 

BbiBC,ll;CHHbiX nyqKOB 

«3HeprnH+ TpaHcMyTal(HH». 

H ;;3KCllJIYaTal(HH ClfCTCMbi 

,ll;JIH 3KCnepnMeHToB· 

\' 

MOHifTOpHpOBaHHH 

KOJIJia6opaQHH 

8) KaJIH6poBKa HOHH3al(HOHHbiX KaMep na nyqKax peiDimBHCTCKHX ,i:(eiiipoHOB 

H H,D;ep ymepo,D;a C HCllOJib30BaHHCM Cl(HHTHJIJIHl(HOHHbiX cqeTqHKOB • 

. ,,.. 

.:> ., 

... .. .. . " ' .· . 

URL: http://nuclotango.jinr.ru 
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HoonJua pa6oTLI. lloKa3aua B03MO)KHOCTb npnMeHeHIUI .r~eTeKTopa Ha ocHoBe 

MKTI .z:~mr pemcTPaunn I(HpKyn~:~pyroii(ero nyqKa B o.r~Hoo6opoTHOM pe)KI:IMe. TaKHM 

o6pa3oM, C03,[1aHHrui ci:ICTe.Ma ,[II:IamocTI:IKH ny'IKa Ha ocHoBe MKTI no3BOJUieT 

npoBO.z:II:ITb uacTPoiiey UHPKYmiUHH HH3KOHHTencHBHbiX ny'IKOB · HyKnOTPOHa Ha 

nepBbiX o6opoTax nocne HH)KeKI(HH. 

Pa3pa6oTaHa 1:1 anpo6npoBaHa MeTO.z:IHKa O.z:IHOBpe.MeHHOH pemcTPaUI:IH 

I(Hpeynnpyroii(ero H BbiBe,[leHHOro ny'IKOB.JHyKnOTPOHa B pe)KI:I.Me peanbHOro 

BpeMeHH np1:1 llOMOII(H C03)J;aHHblX CI:ICTeM ,[II:IarHOCTI:IKH. 

llpaKTn'lecKaB Jna•mMOCTh pa6oTLI. Pa3pa6oTaHHaJI H ncnbiTaHHaJI cncTeMa 

Hepa3pyrnaroii(ell: .z:~namocTHKH unpeynnpyiOII(HX ny'IKOB HyKnOTPOHa Ha ocHose 

MKTI no3BOnHeT KOHTPOITHposaTb H HaCTPaHBaTb unpJ<ynxunro H ycKopeHHe 

HH3KOHHTeHCHBHbiX ny'IKOB OT MO.MeHTa I:IH)KeKI(HH B YCKOpHTeiTb ,[10 BbiBO,[Ia llY'IKa 

nm:pe6nTenro. 

Pa3pa6oTaHHoe H HHTerpnposaHHOe B o61I(yiO cncTeMy c6opa .r~aHHbiX «Tango» 

no ,[leTeKTopa Ha OCHOBe MKTI ll03BOITHITO KOHTPOITHpOBaTb npOCTPaHCTBeHHO-

BpeMeHHbie xapaKTepHCTI:IKH H OTHOCHTeiTbHYIO HHTeHCHBHOCTb I(HpeynnpyiOII(HX 

ny'IKOB HyKnOTPOHa COBMeCTHO C .z:IPYriiMH IIITaTHbiMH CHCTe.MaMH ,[IHamocTHKH 

ny'IKa ycKopnTenx. 

. Pa3pa6oTaHHbiH npoTOTHn ,nncTaHI(HOHHO ynpaBJUieMoro o6ny'laTenbHoro 

CT~H,[Ia ll03BOITI:Ill npOBeCTH TeCTOBbie HCllbiTaHAA no B03,[1eHCTBHIO e,[IHHH'IHbiX 

noHoB Ha pa6ory 113T. CncTe.Ma no3HI(HOHHposaHHH H .r~namocTHKH BbiBe,[leHHbiX 

ny'IK()B HOHOB ll03BOITHeT npOBO,[IHTb o6nyqeHAA .o6pa3I(OB Ha nnOII(a,[IH 

2QQx2QQ MM2 C KOHTPOITe.M HHTeHCHBHOCTH .H npOCTPaHCTBeHHO-Bpe.MeHHbiX 

xapaKTepHCTHK ny'IKa B pe)KI:I.Me peanhHOro speMeHH. 

C03,[1aHHaJI CHCTe.Ma MOHHTOpHpOBaHAA BbiBe,[leHHbiX ny'IKOB Ha OCHOBe 

HOHH3ai(HOHHblX KaMep H CI(HHTI:IllJUII(HOHHbiX C'leT'IHKOB ,[IJUI 3KCnepHMeHTOB 

Konna6opaunn «3Hepmx+ TpaHCMYTaUAA» no3BOJUieT H3MepHTb a6conroTuyro 

HHTeHCHBHOCTb BbiBe,[leHHbiX ny'IKOB C TO'IHOCTbiO 10 %, KOHTPOITHpOBaTb 

BpeMeHuyro CTPYKTYPY H pemCTPHPOBaTb nono)KeHne ueHTPa TH)Kecrn 

4 

sr.me.z:~enHoro .· nyqKa c TO'i:HocTbto 1 MM B pe)KI:IMe pduitil:b'ro speMeHH.: '.D.almru~ 

CHCTeMa;' 'MOHI:ITOpHpOBaHI:Ig '· 'n03BOITI:IITa nonyq{rr£ HOBble' ' :JKcnernrneHTruibHbiC 

.z:~aimhre B' pa6omx Konna6opau~:~I:I' <<3Heprmr+Tp~HcMyfaitium, a TaK)Ke' 6bina 

ncnonb30saua .z:lmi MOHHTop~:~posaHAA BbiBe,[leHHbiX ' I!JqKos 

3Kcnepi:IMeHTax (yCTaHoBKH. ·. «cDA3A»·, <<MAPYC.H>>)'. n,. .z:lmi 

HCCITe,[IOBaHI:Ill. /- ,!.•' 

"•j 10.; L1' ·~) ,r 

lloJiomeunB, BhiHOCHMble ua Jamnry: 

~ • ! . '~ • 

B ·.z:~pyrnx 

npi:IKna.[IHbiX 
.,·, . 

.. -

,. 

1) Pa3pa6ciTKa, coJ.r~aHne, ~:~cnbnamie · n :Bso,i( s 3Kcnnyaiaui:IIO cncTeMbi Ha 

OCHOBe· 'MKll ~ITH Hepa3pyruaroii(eH ,[IHaruOCTHKH HH3KOHHTeHCHBHbiX 

unpeyrinpyroii(HX ny'IKOB HOHOB ycKOJli:ITenx HyKnoTPOH. 

2) MeTO.z:IHKa pemcTPaunn npocTPaiicTBeHHo-spe.MeHHbiX xapaKTepHCTHK 

UHpKynnpyroii(ero nyqKa HyKnOTPOHa B . O,l:IHoo6opomo:M: pe)KHMe Ha nepBbiX 

o6opoTax llY'IKa nocne I:IH)KeKI(I:II:I. 

3) Pa3pa6oTKa, C03,[1aHne. H ncnbiTaHne npoTOrnna o6ny'laTenbHoro cTeH..r~a .z:~nx 

npose.r~eHHH npnima,[IHbix· nccne.r~m~aHHH. Ha BbiBe.z:I~HHbiX ny'IKaX HyrffioTPOHa. '. · 

4) Pa3pa60TKa, C03,[1aHHe, HCllbiTaHiie· H BBO,[I B 3KCnnyaTatinro CHCTeMbl 

MOIIHTopnpoBaHHH BbiBe,[leHHbiX ny'IKOB HyKnOTPOHa .z:lmi 3KcnepnMeHTOB 

Konna6opaunn «3HeprAA+ TpaHcMyTai(AA». 

5) MeTO,[IHKa H3MepeHHH a6COITIOTHOH HHTeHCHBHOCTH llY'IKOB Ha OCHOBe 

HOHH3ai(HOHHbiX KaMep, 6biCTPbiX CI(HHTHITITHI(HOHHbiX C'leT'IHKOB H X,l:lepHbiX 

¢oT03MYITbCHH. 

CTeneub !lOCTooepuocrn peJyJihTaTOB pa6oTbl. Co3,[1aHHaJI CHCTeMa 

.z:~namocrnKH unpeynnpyroii(ero ny'IKa noKa3ana csoro Ha,[le)Kuyro pa6ory B 8-MH 

ceaHcax ycKopnTeJUI HyKnOTPOH B nepno.z:~ c 2011 no 2015 rr. 

,lJ.OCTOBepHOCTb pe3yiTbTaTOB a6COITIOTHOro MOHHTOpHpOBaHAA BbiBe,[leHHbiX 

ny'IKOB nO,[ITBep)K.z:leHa CpaBHHTeiTbHbiM aHanH30B ,[laHHbiX, nony'leHHbiX Ha OCHOBe 

IIITaTHbiX ,[leTeKTOpOB ycKOpHTeJUI HyKnOTPOH, a TaK)Ke Ha OCHOBe MeTO,[IHKll 

H,l:lepHbiX ¢oT03J\IYITbCHH ll aKTHBai(HOHHOrO aHanH3a. 

5 



Anpo6auuH pa6oThl. Pe3yJihTan.I, noiiie,ll;ume n ,li;IICcepmuiiiD, 

~oKJia,ll;biBaJIIICh aBTopoM na XXI II XXII Me:>Keyuapo,li;HhiX Kon<!JepenuiiHx no 

«PCJIHTIIBIICTCKOH H,ll;CpHOH <lJli3IIKII II KBaHTOBOH xpoMO,li;IIHaMIIKe» (Baldin 

ISJ:IEPP) B r..Zzy6na (2012 II 2014 rr.), na XV, XVI II XVII nay'IHbiX Kon<!JepenuiiHx 

Morro,ll;hiX y-qeHbiX II cneuiiaJIIICTOB 0115111 B r.)]Y6na (20 11 - 2013 rr. ), na II IUKorre

Kon<!Jepenuiin MOJIO,ll;biX yqeHbiX H cneQIIaJiliCTOB B r.AnyiliTa (2013 r.), a TaK:>Ke 

HCO,li;HOKpaTHO o6CY:>K,ll;aJIIICh Ha nay'IHbiX CCMIIHapax B 06oe,li;IIHCHHOM 11uCTIIryTe 
.. ) 

JI,nepnbiX I1ccne,ll;oBaniiii:. 

ITo pe3yJinTaTaM pa6oT, noiiie,li;IUHX n ,n;uccepTaumo, n 2011 r. anmpy 

npiicy:>K,n;ena CTIInen,n;IIH JIM. aKa~eMnKa M.A. MapKona II noompuTeJihHaH 

cTIInen~IIH uM. aKa,n;eMIIKa B.I1. BeKcrrepa ,n;rrH MOJIO,ll;hiX y-qeubiX II cneuiianncToB 

JI<DB3 0115111; B 2013 r.- 1-aH npeMIIH MO,JIO,!I;hiM Y'ICHhiM ~cn;rrllaJIUCTaM 0115111 

11 n 2015 r. - cTnnen,ll;IIH IIM. aKa~eMJIKa A.M. Ean,li;IIHa. Pa6oThi, BoiUe,n;IUIIe B 

,li;IICCepTau;mo, IIO,!I;,li;Cp:>KaHbl rpaHTOM JI<DB3 0115111 ,!I;JIH MOJIO~hiX Y'ICHhiX II 

cneunaniicToB B 2014 r. 

Pe3yrrnTaTbi pa6oT, cocTaBIIBIIlnx ocuony ,n;IIccepTaUIIH, ony6rrnKonaubi B 

·1 0 ne'laTHhiX pa6oTax, 3 n3 KoTophlx II3~auhi B pe<!JepiipyeMhiX :>KYPHanax no cnucey 

BAK. 

,'<' 
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Jln'IHhlii BKJial! asTopa. CoiicKan:Iih npnHIDI aKTIIBHoe )"'aCTne n 

npOCKTIIpOBaHIIII, c6opKe, HaClpOHKC II ny'lKOBhiX IICnhiTaHIDIX BCCX OniiCaHHhiX B 

uacToHmeii: ,li;IICcepTarriiii ,ll;eTeKTopon u CIICTCM ,li;IIamocTIIKII rry'IKOB HyKJIOlpOHa. 

Onpe,ll;eJIHIDillllii: BKJia,ll; anTopa npiinueceu n cneeyiOiliiie pa6oThi: pa3pa6oTKa 

CliCTCMhl BhiCOKOBOJihTHOrO niiTaHIIH ,ll;eTeKTopa Ha OCHOBC MKll; liCDhiTaHJUI 

,li;CTCKTOpa Ha OCHOBC MKll Ha BaK)'YMHOM CTCH,ll;e; pa3pa60TKa ITO ,li;JIH CIICTCMhl 

c6opa II BII3YaJIII3aQIIII ,ll;aHHhiX CIICTCMhi MOHIITOpiiponaHIIH UIIPKYJIIIPYIOillero 
' ' 

ny'IKa; onpe,ll;eJieHIIe ·nonpano'IHhiX <PYHKUIIII noKa3aunii: MKll-,ll;eTeKTopa ,ll;JIH 

Bhi'IIICJICHIIH OTHOCIITCJihHOH IIHTCHCUBJ!OCTII Ullph.'")'JIIIpyiOillliX IIY'IKOB; pa3pa60TKa 

II IICnhiTaHIIC 3JICK1pOTCXHII'ICCKOH .'faCTll _CliCTCMhl n03llll;IIOHIIpOBaHIIH o6pa3UOB II 

,li;CTCKTOpOB o6Jiy'laTeJihHOro CTCH,ll;a; pa3pa60TKa II C03,ll;aHIIC 16-TII KaHaJihHOro 

CUliHTJIJIJIHUIIOHHOrO . rO,li;OCKOna II _. TOHKIIX . CUHHTJIJIJIHQIIOHHhiX C'ICT'IIIKOB 

npoTOTIIna o6ny'laTeJihHoro .cTeH,ll;a; pa3pa6oTKa ITO .li:JIH ynpanneniiH cncTeMoii: 

n03liQIIOI:!HpO,BaHIIH II Bli3YaJIII3aQJIII ,ll;aHHhiX C CHCTCMbl MOHUTOpiipOBaHJIH 

o6Jiy1JaTCJlhHOrD CTCH,ll;a; KaJIII6pOBKa CliCTCMbl MOHliTOpHpOBaHmi o6rry'laTeJibHOro 

CTCH,ll;a Ha OCHOBe liOHII3aQIIOHHbiX· KaMep II H~CpHbiX <jJOT03MYJibCIIH; a6coJIIOTHaH 

KaJIII6poBKa liOHU3aQIIOHHhiX KaMep CliCTCMbl MOHIITopiipoBaHIIH ,li;JIH 3KCnepHMCHTa 

«3ueprnH-;f-TpaHCMYTaQIIH» c IICIIoJih3oBauiie¥ BbiBe~eHnbiX ny"iKon H,ll;ep yrnepo,ll;a 

II ,li;CHTpOHOB. 

AnTop TaiOKe npiiHHrr aKTIIBHoe yqacTIIe B o6pa6oTKe II ananii3e ,ll;aHHbiX, 

norry'leHHbiX B 3KcnepiiMeHTax Korrrra6opaumi «3uepriiH+TpaucMyTarriiH» B 

2012-2015 rr. !' 

CTpyKTypa U 06'beM )J,UCCCpTaUUU. ,lJ;uccepTaUIIH · COCTOIIT ll3 BBC,li;CHIIH, 

'ICThlpCX rJiaB, 3aKJIIO'ICHHH, IIpiiJIO:>KCHliH II CnliCKa JIIITeparyphl ll3 

59 HaiiMCHOBaHliH. 06IliiiH o6'heM ,ll;liCCepTaQHOHHOH pa6oTbl COCTaBIIJI 88 ClpaHIIQ, 

BKJIIO'!aH S_6 piicynKoB R2Ta6rriiQbi. __ 
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OCHOBHOE CO,LU:PiKAHIIE PAliOThl 

Bo BBe;leHUH 060CHOBbiBaeTCH aKTyaJibHOCTb B pa3pa60TKe CHCTeM 

.n.warnocTHKH UHpKJnwpyiOrn;HX H BhiBe.n.ennhiX rryqKoB ycKopnTeneii, B TOM qwcne u 

,lJ,nH ycKopHTenhnoro KOMIIJieKca HyKnoTpOH JI<I>B3 OIUII1. 0603uaqeua u;enh, 

HOBH3Ha H rrpaKTHqecKaH 3HaqHMOCTb pa60T, BOIIIe,ll,IIIHX B HaCTOHIUYIO 

,lJ,HCCepTaiJ;HIO. 

B rrepooii rnaoe rrpe.n.cTaBnen o63op.<MeTO,ll,OB uepa3pyrnaiOrn;ero KOHTpOJIH 

npocTpaHCTBenno-BpeMeunhiX xapaKTepwcinK nyqKoB B ycKopnTeJIHx. PaccMoTpeH 

MHpOBOH OllhiT pa3nHqHhiX KOHCTpYKUHH HOHH3aiJ;HOHHbiX ,ll,eTeKTOpOB, 

pa6oTaiOIIJ;HX Ha OCTaToqooM ra3e, ,ll,nH perHCTpaiJ;HH nyqKOB KaK B IJ;HKnHqecKHX, 

TaK u B nwueiinhlx ycKopwTenHx. O.n.nHM H3 nepcneKTHBHhiX :meMeHTOB 

KOHCTpYKUHH ,ll,eTeKTOpOB HBJIHeTCH BTOpwqHhiH 3JieKTpOHfihiH YMHO)KliTenh Ha 

ocnoBe MKTI. llpoananH3HpoBaHhl opurnnanhHhie KOHCTpYKUHH .n.eTeKTopoB .n.nH 

npe,ll,OTBparn;eHHH neperpy30K H CTapeHHH MKll, HCIIOJih3yeMble B nepe,ll,OBbiX 

ycKopwTenhHhiX uenTpax. l-f3yqenhi oco6ennocTn pemcTpau;uu 3neKTponuoii H 

HOHHOH COCTaBJIHIOIIJ;HX OCTaToqnoro · r33a ,ll,nH Hepa3pyrnaiOIIJ;eH ,ll,HarHOCTHKH 

nyqKoB ycKopnTeneii. PaccMoTpeHhi .n.ocTOHHCTBa u ne.n.ocTaTKH cyrn;ecTBYIQIIJ;HX 

,ll,eTeKTOpOB ,ll,JIH p33pa60TKH KOHCTpYKUHH, IIO,ll,XO,ll,HIIJ;eH ,ll,nH ycKOpHTenbHOrO 

KOMnneKca HyKnoTpoH. Bhi6op KOHCTpYKUHH o6ycnoBnen ne TOnhKO 

xapaKTepHCTHKaMH nyqKQB H Tpe6oBaHHeM K npOCTpaHCTBeHHO-BpeMeHHOMY 

pa3perneHHIO, HO H ycJIOBHHMH pa60Tbl ,ll,eTeKTopa B KOHKpeTHOM MeCTe ycKOpHTenH 

(BaKyyM, pa,ll,HaiJ;HOHHhiH 4Jon H ,ll,p.). 

BTopaH rJiaBa IIOCBHIIJ;eHa pa3pa60TKe, C03,ll,aHHIO, HCIIbiTaHHHM H BBO,ll,y B 

3KCnnyaTaiJ;HIO CHCTeMbi Ha OCHOBe MKll ,li,JIH Hepa3pyrnaiOrn;eii ,ll,HarHOCTHKH 

tiwpeynupyiOIIJ;Hx nyqKoB ycKopwTenH HyKnOTpOH. 

·''• OnwcaHhi oco6euuocTH pa6oThl na nyqKax HyKnoTpona u Tpe6oBaHHH K 

· :~~-~li_<:_'I'~MaM ,ll,HarHOCTHKH. 060CHOBaH Bbi6op KOHCTpYKUHH ,ll,eTeKTopa, 

y.n.oBneTBOpHIOrn;eii nocTaBneHHhiM ua ycKopwTeJihHOM KOMnneKce HyKnOTpOH 

3a,ll,aqaM, llo.n.po6uo onwcana KOHCTpYKUIDI ,ll,eTeKTopa, oco6enuocTH cwcTeMhi 

BbiCOKOBOJihTHOro IIHTaHIDI H CHCTeMhl c6opa H OT06piDKeHIDI ,ll,aHHhiX. 
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llpe.n.cTaBneua MeTO,ll,HKa H , , pe3yJihTaTbi HCIIhiTaHIDI·; ,ll,eTeKTopa: Ha 

cneu;wanH3HpoBaHHOM BaKYYMHOM cTen.n.e. Ha pwcynKe·1 .noK33ana TpeXMepullil 

Mo.n.enh .n.eTeKTopa ,ll,JIH .n.waruocTHKH pa.n.wanhnoii Koop.n.nnani nyqKa HyKnoTpona . 

PwcyHOK 1 .:... TpeXMepnaH MO,ll,eJib .n.eTeKTopa rom ,ll,HarHOcTHKu pa,li,HaJibHOH 
Koop.n.wnaThi nyqKa HyKnoTpona. 1 - 3anupaiOrn;wii 3neicrpo.n., meBponuaH c6opKa 

MKll nneqinHaH nnam c MnoroKananhHhiM Konn·eKTopoM; 2 ...: 3JieKTpO,ll,hl, 
BbipaBHHBaiOIIJ;He 3JieKTpO,CTaTHqecKOe none TpaHCIIOpTHpOBKH HOHOB; 

3 - YCKOpHIOIIJ;HH 3JieKTpO,ll,; 4 - BhiCOKOBOnhTHhie BaKYYMHble pa3'beMhi; 
5 - CHrHaJibHbie BaKyyMHbie p33'beM~I; 6 - BaKYYMHhiH 4Jnaueu;; 7 - Kopo6 ,li,JIH 

3aiiJ;HTbl BaKYYMHbiX pa3'beMOB. 

B rnaBe npOHJiniOCTpHpOBaHbl pe3yJihTaTbl nyqKOBbiX HCIIhiTaHHH CHCTeMbl 

,ll,HarHOCTHKli Ha OCHOBe MKll B CeMH ceaHCax pa60Thl YCKOpHTeJibHOrO KOMIIneKCa 

(2011 - 2014 rr.) npu pa6oTe c p;HpKJnnpyiOIIJ;HMH nyqKaMH .n.eiiTpOHOB, anb4Ja 

qacTHU, HOHOB yrnepo.n.a H • aproua. llpe,ll,CTaBneHbl pe3yJihTaTbl H3MepeHHH 

npOCTpaHCTBeHHO-BpeMeHHbiX · xapaKTepHCTHK nyqKQB ,li,JIH pa3JIHqHhiX pe)KHMOB 

ycKopeHIDI OT 3HepmH llH)I(eKIJ;HH ,!1,0 4 r3B/nyKnoH. HOKa3aHo, qTQ pa3pa6oTaHHaH 

cwcTeMa na.n.e)I(HO perncTpwpyei nonepeqnhiH. npo4JHJib. UHPKYJIHpywrn;ero nyqKa, a 

TaK)I(e •. BpeMeHnyiO CTpyKzypy. H OTHOCHTenhH)'IO . HHTeHCHBHOCTb OT MOMeHTa 

HH)I(eKIJ;HH B YCKOpHTeJib ,!1,0 BbiBO,ll,a nyqKa H3 YCKOpHTeJIH rrpH 3a,ll,aHHOH 3HepmH. 

Ha pucynKe. · 2 · npnBe.n.en npwMep pemCTpau;wu .n.nnaMwqe~Koro npo4JHJIH u 

9 



OTHOCHTenhHOH HHTeHCHBHOCTH ~Hpi<ynHpyiO~ero ny'IKa CHCTeMOH Ha OCHOBe 

MKIT.wur o.n:noro ~HKna ycKopeHIDI. 

PIICYHOK 2-:- ~IIHaMH'IeCKIIH rrpo<)mnb (a) H OTHOCHTenbHIDI HHTeHCIIBHOCTb (6) 

~IIpi<ynHpyro~ero Jiy'!Ka .n:eHipOHOB rrpH YCKOpeHIIH .ll:O 3Hepmi1 4 f3B/eyKnOH. 

qepHrui KpHBaH o6naCTH (6) OT06pa)l(aeT II3MeHeHIIe MarHIITHOrO JIOIDI yCKOpiiTeiDI. 

Tipo.n:eMOHCipHposaHa B03MO)l(HOCTb Hcrronh30BaTb '.n:eTeKTop Ha ocHose MKTI 

.n:mr pem~Ipa~IIII ~Hpr<yniipyw~ero rry'IKaB ~.n:Hoo6opoTHOM pe)l(IIMe, Ha rrpHMepe 

HH)l(eKTHpOBaHHOrO rry'IKa U-'laCTII~ HII3KOH IIHTeHCHBHOCTH B rrpo~ecce HaCipOHKH 

ycKopeHHH. 0Ipa60TaHa MeTO.ll:HKa HaCipOHKH . .n:eTeKTOpa .n:mr pa3nii'IHbiX 

HHTeHCIIBHOCTeH II THJIOB ycKOpHeMbiX IIOHOB. 0JIIICaHa 4JopMa rrepe.n:a'IH II 

rrpe.n:cmsneHHH HH4JopMa~HII c .n:eTeKTopa Ha rrynLTe ycKopHTen.sr B pe)l(HMe 

peanbHOro BpeMeHII. 

'B · TipHno)l(eHHH A · .n:HccepTa~IIII orriicaHa MeTO.ll:HKa pac'leTa rrorrpaBO'IHbiX 

4JyHK~HH · . .ll:nH orrpe.n:eneHIDI OTHOCIITenbHOH llHTeHCllBHOCTll ~Hpi<ynHpyiO~ero 

ny'IKa. C y'leTOM penHTHBHCTCKOH . .ll:HHaMHKII .Zl:BH)l(eHliH 'laCTH~ B ycKOpHrene 

(H3MeHeHIIe · 3HepmH H 'laCTOTbi o6pa~eHIDI ny'IKa B rrpo~ecce ycKopeHIIH). B 
-------~-.......----~----

--npll:Jio)i(eliiiH TaK)l(e rrpe.n:CTaBneHbl O~eHKH TO'IHOCTll H3MepeHilll rrpOCipaHCTBeHHO~ 

BpeMeHHbiX XapaKTepHCTllK ny'IKOB ,niDI C03.ll:aHHOH CHCTeMbl .ll:llarHOCTHKH. 
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B TpeTLeii rJiaBe .n:HccepTa~IIH rrpe.n:cmsneH ~HKn pa6oT no rrpoeKTIIposaHIIIO, 

C03.Zl:aHHIO . H HCJibiTaHIDIM rrpOTOTllJia o6ny'laTenbHOrO CTeH.n:a .n:mi JIPHKna.n:HbiX 

Hccne.n:osaHHii na BbiBe.n:eHHbiX Jiy'!Kax HyKnoipoHa. C4JopMYni1pOBaHbi 

oco6eHHOCTH H Ipe60BaHIDI rrpii rrpose.n:eHIIH o6ny'leHHU o6pa3~0B 3neKipOHHOH 

TeXHIIKII H 6HOnOrH'IeCKHX 06'beKTOB Jiy'!KaMH HOHOB (MIIHIIManbHOe KOnH'IeCTBO. 

Be~eCTBa Ha JIYTII JIY'IKa, Ha.n:e)l(HaJI perHCipa~illl II II.Zl:eHTH4JHKa~HH HOHOB, 

rrpowe.n:rrmx '1epe3 3a.n:annoe MecTo Hccne.n:yeMoro o6neKTa H T • .n:.). 

06ny'laTenbHbiH CTeH.n: BKniO'IaeT B ce6H CHCTeMy JI03H~HOHHpOBaHIIH 

.n:eTeKTOpOB II IICCne.n:yeMbiX o6pa3~0B, CHCTeMy .Zl:HarHOCTHKH II MOHHTOpHpOBaHilll 

BbiBe.n:eHHOrO ny'IKa, CHCTeMy c6opa H rrepe.n:a'IH .n:aHHbiX, CIICTeMy .ll:HCTaH~IIOHHOro 

yrrpasneHilll H .n:pyme rro.n:cHcTeMbi, orrHcaHHbie B rnase. Ha piiCYHKe 3 

rrpe.n:cmsneHa 4JoTorpa4JH.sr rrpoTOTIIrra CTeH.n:a, pacrrono)l(eHHoro B MecTe BbiBo.n:a 

rry'IKa H3 HyKnoipoHa. 

PHcyHoK 3 - «l>oTOrpa4Jn.sr rrpoTOTHrra o6ny'laTe'nbHOro cTeH.n:a. 1 - OKHO BhiBo.n:a 

IIY'IKa; 2, 3 - .n:eTeKTOpbl CIICTeMbi MOHIITOpi1pOBaHIIH JIY'IKa. 

TipiiBe.n:eHbl pe3ynhTaTbl HCIIbiTaHilll IIpOTOTIIIIa 06ny'!aTenbHOro CTeH.n:a Ha 

IIY'IKaX .n:eHipOHOB, HOHOB yrnepo.n:a H aproHa. TioKa3aHo, 'ITO cHcTeMa 

MOHllTOpHpOBaHilll II03BOnHeT orrpe.n:eiDITb HHTeHCHBHOCTb ny'IKa, . . npo4JHnb 
---.cT·----,---,-;--~--,---~------- ---,-~·-,----------•- -----------~ ------~--

(rrmpHHY H nono)l(eHHe ~eHipa TSI)l(eCTH OTIIOCHTeJThHO otJny'laeMoro ot5l.eKia),. a. 
• '• ,- ' ,; ),,-• • j,' .,. • .; : ! 

TaK)l(e COCTaB BbiBe.n:eHHOro . Jiy'!Ka B npo~ecce o6ny'leHIDI. . CHCTeMa 
. ··. ( ' ' ' . . ' ~ ! ~ 

JI03H~IIOHI1pOBaHIISI .n:aeT B03MO)l(HOCTb 06ny'!aT'b 06'beKTbl HCJibiTaHHH C 
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o,nHopo,nHOCThiO He xy)Ke 10,% Ha JIJioma.nn proMepoM 200~2Q0.MM2• Ha pncyHKe 4 
. ;!I pi}!•, .:J:' ~· r' i . : ·f'· \ • .· '• , . :. ... ,:.:.. . -" 

noKaJaH npnMep.cnHxpoHH30BaHHhiX H3MepeHHH xapaKTepncTHK UHPKYJIHpyiOmero 
,'. ,, .;•,f~··!~~ ,·~·- •if: . ' ! ' • ~ 

(np~'II'~?:~?~~<;CHCTeMbi H<;i, ,O~J;IOBe !'vfKll) H BhiB~,neHHOrO,; ny'IKa (CHCTeMa 

MOHHmpnpoBaHIDI o6nyqaTeJ1hHoro cre.H.na) B npouecce o6nyqeHIDI I13T HOHaMH 
';;_;r:;; •;' t;f ' · 'r'' '' '' ,•!,,· ' ' 

apro~~ ,.nmr ,o~~~ro QHKJia ycKopeH~. fl BhiBo,na. 

a) 

. .J 

. . 
PncyHOK 4 -QHKJI ycKopeHHH n BhiBo,na ny'IKa HOHOB aproHa Ar1

6+. Pa,nHaJihHhiH 

npoljJHJih (a) n OTHocnienhHM HHTeHCHBHOCTh (6) UHPKYnnpyiOmero ny'IKa npn 
ycKopeHHH ,no :mepnm 500 M3B/eyKJioH; (B)- HHTeHCHBHOCTh BhiBe,neHHoro ny'IKa . . . 

HOHOB aproHa B MeCTe o6nyqeHIDI HCCJie_nyeMbiX ofiplnQOB. 

B rnaBe npe,ncraBJieHhi pe3ynhTaThi KaJIH6poBKH ,neTeKTopoB cncreMhi 

MOHHTOpHpOBaHIDI CTeH,na Ha OCHOBe HOHH3aQHOHHhiX KaMep H H,nepHbiX 

ljJOT03MYJihCHH~ OnncaHhi propa6oraHHhle Mero,nnKH o6ny'leHnii, a TaK)Ke 

cneuliarihHO paccMorpeHhi Bonpocbl. nonyqeHIDI o,nHopo,nHoro o6ny'leHIDI 3a,naHHhiX 

o6nacieii nccne,nyeMhiX o6pa3uoB Ha ocHoBe KOM6nHnpoBaHHoro ncnonh3oBaHIDI 

HHljJOpMaQHH C . llpOljJHJIOMerpOB H. MOHHT~p~B CTeH,na . B CO'I~TaHH~. C 3MaHHbiM 

AHHaMH'iecKHi\.i nepeMemeHHeM o6pa3QOB B npouecce o6ny'leHID!. 
:; .... 
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B 3aBepmeHHH rnaBhi npo,neMoHcrpnpoBaHhi pe3ynhTaThi pa60Thi cncreMhi 

MOHHTOpHpOBaHHH BbiBe,neHHOrO DyqKa, H CHCTeMbl .ztHHaMH'IeCKOro 

ncl3HQHOHHpoBaHHH o6oeKToB o6ny'leHHH B npouecce npo6Horo HCTihiTaHHH I13T Ha 

TIY'IKaX HOHOB aproHa. llpo,neMOHC'I'pHpOBaHa B03MO)KHOCTb H3y'leHIDI e,nHHftqHbiX 

3ljlljleKTOB OT B03,neHCTBIDI HOHOB Ha pa6ory 113T B aKTHBHOM pe)KHMe (HanpHMep, 

c6on B pa6ore MHKponpoueccopa B npouecce o6ny'leHIDI). 

B 'leTBepTOH rJiaBe npe,ncTaBJieHa CHCTeMa MOHHTOpHpOBaHIDI BbiBe.zteHHbiX 

TIY'IKOB HyKJiorpoHa ,nmi 3KCnepHMeHTOB KOJIJia6opaQHH 

«3HeprnH+ TpaHCMYTaQIDI». PaccMorpeHa aKryaJibHOCTh 3KCnepHMeHTOB 

KOJinafiopaQHH H 060CHOBaHa He06XO.ztHMOCTb pa3pa60TKH HOBOH CHCTeMbi 

MOHHTOpHpOBaHHH BbiBe,neHHhiX TIY'IKOB. B rnaBe npe,ncTaBJieHa HOBM C03.ztaHHM 

CHCTeMa MOHHTOpHpOBaHHH H TipOBe,neH cpaBHHTeJibHhiH aHaJIH3 pafiOTbl ,neTeKTOpOB 

cncreMhi npH pa6ore Ha BhiBe,neHHhiX ny'IKax ,neiirpoH~B H H,nep yrnepo,na c 

3HeprHHMH 1 - 4 r3B/HyKJioH. Ha pHCYHKe . ? TIOKaJaHa ljlyHKQHOHaJibHM cxeMa 

CHCTeMbl MOHHTOpHpOBaHHH BbiBe,neHHbiX ny'IKOB. 

6biCTpbl~ 

~~~:~:; ~~:::; M~~~~~-p ~~~~·K MeCTO n~~~~~~~cr 
KaMepa KaMepa ! ~ ~ o6n)"4eH~A PAD KaMepa IC1 IC2 TOH~x KaMepa MPC 

-H--- H -- -----~r ---8-- H-

' . . 
PncyHoK 5 - CncreMa MOHinopnpoBaHIDI BhiBe,neHHhiX ny'IKOB HyKJiorpoHa MH 

3KcnepnMeHT(>B Konna6opaunn «3HepriDI+ TpaHCMYTaUIDI». 
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· IIpoBe,nen no.npo6m.rii cpaBHHTeJILHLIH aHaJIH3 pe3yJILTaToB H3MepeHIDI 

HHTerpaJILHOH HHTeHCHBHOCTH llY'IKOB llpH llOMO~ aKTHBaQHOHHOH MeTO.ZJ;HKH H Ha 

ocH<)Be c03.ZJ;aHHLIX HOHH3aQHOHHLIX .nereKTopoB. IIpoaHaJIH3HpoBaHLI npo6JieMLI 

TO'IHOCTeH H3MepeHIDI a6cOJIIOTHOH HHTerpaJILHOH HHTeHCHBHOCTH BCeMH 

HCllOJIL3yeMLIMH MeTO.ZJ;HKaMH. 

B .nnccepraQHH no,npo6no onncana MeTO.ZJ;HKa H pe3yJILTaTDI a6coJIIOTHOH 

KaJIH6pOBKH HOHH3aQHOHHLIX KaMep llpH llOMOIQH CQHHTHJIIDIQHOHHLIX C'feT'IHKOB 

H:a ny'IK8X H,nep ymepo,na C 3HepiWIMH OT 1 ,no 4 r3B/HyKJIOH. .ll:ocTHniYTa 

TO'IHOCTL H3MepeHHH a6COJIIOTHOH HHTeHCHBHOCTH B npe,nerrax 10 %, 'ITO 

comacyeTCH C TeOpeTH'IeCKOH OQeHKOH pa60Tbl HOHH3aQHOHHLIX ,neTeKTOpOB. 

3KcnepHMeHTaJILHO 060CHOB8HO, 'ITO CeKQHOHHpOB8HHaJI HOHH3aQHOHHaJI 

KaMepa: MO)KeT 6LITI> UCITOJIL30BaHa He TOJILKO .ZJ;JIH H3MepeHIDI HHTeHCIIBHOCTH 

ny'fKa,: 110 II .ZJ;JIH II3MepemiH II KOHrpOJIH ITOJIO)KeHIIH QeHrpa TH)KeCTH ITY'IKa 

OTHOCIITeJILHO MIIilleHH B npoQecce o6rry'feHHH·. 

IIpe.ncmBneHLI Ba)KHLie ,nrrH Konrra6opaQ:im <<3HeprliH+TpaHCMYTaWI» 

pe3yJILTaTLI CITeQHaJILHOro 3KCITepHMeHTaJILHOrO IICCJie.ZJ;OBaHIUI 0 BJIIDIHHH Ha 

CIICTeMLI MOHHTOpHpOBaHIIH .ZJ;OITOJIHIITeJILHOrO · «ITapa3IITHOrO» BeiQeCTBa, 

BHOCIIMOro B ny'IOK. 

B 3aKJIJO'fCHHH clj>opMyJIHpOBaHLI OCHOBHLie pe3yJILTaTLI BLillOJIHeHHLIX 

pa6oT~ some,nmiix B ,niiccepTaQIIIO. 

1) COJ,nana, IICllLITaHa II BBe,nena B 3KcnnyaTaQIIIO na ycKopnTeJILHOM 

KOMITJieKce HyKJiorpOH CHCTeMa .ZJ;IIaniOCTIIKH QHpK)'JIIIpyiOIQero ny'IKa Ha OCHOBe 

MKii . .ll:ann~ clrcTeMa IIcnoJIL3yeTcH ~JIH pemcrpaQIIII ,niiHaMII'feCKoro npolj>IIrrH n 

OTHOCII~eJILHOH IIHTeHCIIBHOCTII nyqKa B Te'feHHe BCero QHKJia ycKopeHIUI H BLIBO.ZJ;a 

C speMeHHLIM pa3pemeHIIeM 20 HC II npocrpaHCTBeHHLI~. p:UpemeHHeM - 3 MM 

(noJio)KeHIIe Qenrpa TH:>KecTII nyqKa c TO~HOCTLIO 1 MM). ; CncTeMa pa6omeT B 

.ll;IIalla30He IIHTeHCHBHOCTeH OT 106 
.ZJ;O 109 

O.D;H03apH,nHLIX IIOHOB QIIJlK)'JIIIpYIQIQIIX B 

:-:-~aMepe:~~iZ~HTe~ -~~~~~~~~~;~~~ .ZJ;aBJI~~~~~~::B~~~~~~:~~~~p~ ~~- ~~~~OM» 
yq~c-i:-Ke ycKopHTeJIH 2 ·1 0-6 IIa. 

14 

2) IIoKaJana B03MO)KHOCTL HCITOJIL30BaHIIH CHCTeMLI .ZJ;IIaniOCTIIKII . 

QHpK)'JIHpyiOIQero ny'IKa .ZJ;JIH OllTHMII3aQIIH Ha'faJILHOrO :nana ycKOpeHIDI ny'fKa Ha 

nepBLIX o6opoTax OT MOMeHTa HHJKeKQIIH, a TaK)Ke .ZJ;JIH HacrpOHKH pe)KIIMOB 

YCKOpeHIIJI II Me.ZJ;JieHHOrO BLIBO.ZJ;a ny'IKa, 'ITO OC06eHHO Ba)KHO llpii ycKOpeHHII 

ny'IKOB TH)KeJILIX HOHOB II ny'IKOB HII3KHX IIHTeHCIIBHOCTeH, KOTOpLie He 

perncrpiipyiOTCH 

HyKJiorpoHa. 

cyiQeCTBYIOIQHMII illTaTHLIMH CHCTeMaMH ,n;HaniOCTHKH 

3) COJ,nan II IICITLITaH npoTOTim o6rryqineJILHoro CTen.na ,nrrH npHKJia.ZJ;HDIX 

IICCJie,noBaHIIH Ha BLIBe,neHHLIX ny'fKax HyKJiorpona. B npoQeCC HCITLITaHIIH II 

KaJIH6poBKH ,nereKTopoB o6ny'faTeJILHoro cTeH,na npoBe,nenLI H3Mepemrn II 

KOHTpOJIL napaMerpoB BLIBe,neHHLIX ITY'fKOB ,neiirpOHOB, IIOHOB JIIITHH, yrnepo,na H 

aprona B ,niianaJoHe :mepmil: 500 - 2000 M3B/HyKJioH B mnpOKOM .nnana3one 

IIHTeHCHBHOCTeil: OT e,niiHIIQ ,no 1010 
IIOHOB B CeK)'H,ny. 

4) CIICTeMa MOHHTOpHpOB8HIIH o6nyqaTeJILHOro CTeH,na IT03BOJIHJia 

KonrponiipoBaTL IIHTeHCIIBHOCTL, noJIO)KeHIIe QeHTpa TJI)KeCTII nyqKa oTnociiTeJILHo 

o6rryqaeMOro 06oeKTa C TO'IHOCTLIO 1, MM, a TaK)Ke COCTaB BLIBe,neHHOrO nyqKa. 

5) IJOKa3ana B03MO)KH0CTL IICITOJIL30BaHIDI CHCTeMLI IT03IIQIIOHHpOBaHIIH 

o6nyqaTeJILHOro CTeH,na ,nJIH o6rry'feHHH o6oeKTOB IICITLITaHHM C o,nHOpO,nHOCTLIO He 

xy)Ke 10% Ha nnoma.nn pa3MepoM 200x200 MM
2
• 

6) IIpose.neno rrpo6Hoe o6ny'feHne o6pa3QOB 113T ny'IKOM Ar18
+ 

500 M3B/HyKJioH H noKaJaHa B03MO)KHOCTL H3y'feHIIH e,niiHII'IHLIX 31j>lj>eKTOB npii 

B03,neHCTBIIII ny'fKa IIOHOB Ha pa60TOCITOC06HOCTL 113T. Pa3pa60TaHa MeTO,niiKa 

npose,neHIIH o6Jiy'feHIIH Ha OCHOBe JiiiHaMII'leCKOrO KOHrpOJIH napaMerpOB ITY'IKa II 

nepeMeiQeHHH 06oeKTa IICllLITaHIIH. 

7) C03,naHa, IICITLITaHa II BBe,neHa B 3KCITJiyaTaQIIIO CIICTeMa MOHIITOpHpOBaHIDI 

BLIBe,neHHbiX ny'IKOB HyKJiorpona Ha OCHOBe IIOHII3aQIIOHHbiX KaMep II 

CQIIHTIIJIJIH~IIOHHLIX C'feT'fiiKOB ,nJIH 3KCITepiiMeHTOB Konna6opauiiii 

«3HepiWI+TpaHCMYTaQIDI». .ll:aHHaJI - CIICTeMa IICllOJIL30BaJI8Cb B cepiiii 

3KCnepiiMeHTOB B 2011 - 2014 IT • .nJIH H3MepeHIDI II KOHTPOJIH II!JTeHCIIBHOCTH, 

speMeHnoii CTPYKTYPLI II noJio)KeHIDI Qenrpa TH)KeCTH BLIBe,nennLix ITY'fKOB 
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.n.~~W~l.m~;;:N R,nep ymepo.n~ •;E. _:weP~?HMR 1 - tL(3B./HY.KJIOH, ,B ,nRanll3oHe 

RHTe~W~~fl!?B'f.<(,~,oT105 .D;O H;l,1~,];';9,H?B,~,C~K)'H.D;y. , ;."• ,, 
• ·~ •• 4 • 1 

-l~~f!J~o~~~tl?:a a6COlllOTH}~(l 4 fplj'!6~p,m~a ROHH3aUif~H;IHbiX; Ka¥ep C TO'IHOC'j.'blO; 

10 o/y.p1~,_I!~I~a,~f.D;e~ ymepo~ ~ ~IJep~R~R or 1 .no 4l)B{ey_KJI9!1: 1,; • -. 

~)JlP;~J.VlO~~H H anpo61Wp!JaH :1\~~·):p.n MOHHTOpRpOB,a~R~; Tiy'IKOB Ha OCH;OBe; 

c~KD:l}?,(p!p,g~aHHbiX npOBOllO'I~?IJf,. _ . ll,OHR3al{ROHHbi~! 1 j~l;lMep, ll03BOllJI~@tli· 

O.D;HOBpeMeHHOe R3MepeHUe RHTeHCUBHOCTR R OTKJIOHeHRJI llOllO:>KeHRJI ~eHJPl}; 
_,) 

TJ[:>KeC~~ TIY'IKa (C TO~IHOCTblO, .D;O 0,5 MM) C RCTIOllb30BaHHeM MHHHManbHOrO 'IHClla 

KaHanOB ,perHCJPaUHll H npHBHeCeHHeM Manoro KOllH'leCTBa ,Bell{eCTBa Ha nyTH 

ny'IKa. 

~ 0~ J1ccne.D;OBaHO BllRJ[HHe Ha CRCTeMbl MOHRTOpRpOBaHRJ[ . .ll;OilOllHRTellbHOrO 

«napll3HTHOr~» Bell{eCTBa, BHOCRMOrO B Tiy'IOK. ,lJ;aHHM p~6o\a ll03BOllRna YTO'IHRTh 

pe3yllbTaTbl R3MepeHRH RHTerpanbHbiX IIHTeHCRBHOCTeH BbiBe,neHHbiX ny'IKOB B 

3KcnepRMeHTaX Konna6opauRR «3HeprnJ[+ TpaHcMyrauRJ~». 

B npHJiomeuun A npe.ncrasneHbi reopeTR'leCKRe oueHKH, CBJ13aHHbie c 

pa6oTOJ:i .nereKTopa sa ocaose MKIT, BKJIJO'IM xapaK,TepHbie nonpaBKH .D;nJ[ 

Bbi'IUClleHRJI OTHOCHTellbHOH liHTeHCUBHOCTU TIY'IKa C . yseTOM ~- .D;RHaMUKU 

ycKopJ[eMbiX ny'IKOB HyKJJOJPOHa. 

·'. 

'1 ;;,, 

~ ·; 
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