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I1pe)J.JIaralOl'CH aRcnepHMeHThl C nOJIHpH30BaHHoit npoToRHoit MHiliCHhIO H MarHHTHhlM cnel{

TpOMeTpOM)J.JlH H3yqeHHH peaKJJ:H1l C pom..u:eHHeM CTpaHHhIX qaCTJiuJ; Jrp -t J(A(L;) Ha yCRopHTe

JIe l1T8<I). Uem, 9IUIepJilMeHTOB - H3Mepemre nOJIHoro Ha60pa Ha6JIIO,Zl;aeMhlX nepeMeHHIJX ,D..lIJI 

6e3MOneJThHOI'O BOCCTaHOBJleiuiH aMUJIlrrYA peaKlJ:B:a. PeIlleHHe 3TOa sa,D.alJR o5Jlepul.1' 113Yl.J.eHHe 

~YH)J.aMeHTaJThHMX BonpOCOB 0 npnpo)J.e CTpaRHOCTH B POJIR CTpaHHhIX KBapKOB B ~~HaMH

He CRJIhH1lX B3aHMo)J.et!:cTlmt! H B CTpyKType all,pOHOR. C<1l0pMyJTRpORaflhI ,mcnepBMeHTaJIbHLIe 

yCJLOBI1Jl H Tpe60BaBHH R .~RcnepB:M:eHTY no HOBopOTy cnBHa Ha aCHOBe npoBe)J.eHHhIX llpe.lJ.Bap.li

TeJILHhlX paCqeTOB. I1oHa3aHa YHBKaJIbHOCTh ,mepreTH'leCKOrO ,D.nana30Ha 3 - 6 f3B, B KOTOpOM 

sa CqeT BhICOKoro BMnyJIhCHOrO pa3peweHRH M01KeT 6LITb BnepBLIe ,D.oCTHrHyTo omroBpeMeBHoe 

UaMf'pf'HHE' nOJIHpH3aUHOHHhlX uapaMeTpOB B Jr-p -t J{°A H rr-p -t J{°r,o. PacCMOTpeTIbT RO

npOCbI HCIIOJIh30BaHHH H MO)J.cpHB3an;HH BMClOilicroCH o6opy,n;oBamIH. lloRa3aHa B03MomHOCTb 

pacnmpeRHH qRena H3YQaeMl>IX peaKnHfI B 3aBHCHMOCTH OT CTeTIf'Hlf ymmepca,1hHOCTH CO:3Lla

BaeMot! yCTaBoBKB; 6uHapHhle peaKqHH B 06JIaCTR 6apnoHHoro o6MeHa, p01K)J.CHHC ,IOIIIBOHOB, 

6apHOHHaH cneKTpOCKOllHH. 

PBC - 10, cnUCOK ~T. - 35 HamM. 

1) 011:5111, ,Uy6Ha 

2) III1R<I> , raT'tffiHa 



1 Bne.n;eHHe 

l-by-qemle npOn;eCCOB B3<lMMo..aeMcTBHJI a.rrpOHOB, BKJIlO"t1alOI.U;HX CTpaHHbIe -qa

CTMUIiI, JIBJIHE'TCH BaJKHOH np06JIeMOH, pemeHlie KOTOpOH rrOMO)KeT OTBeTHTh Ha 

epYH.n;aM:eHTaJThHhIe BorrpOCLI 0 rrpHpo.n;e CTpaHHOCTII~ pOJIH CTpaHH1IX. RBapROB 

D ,IUlHaMHKe CMJThHhIX B3aHMo.n;eiicTBHH 11 B cTpylnype allPOHOB. 

B HaCTomuee BpeMJI 3a.n;a-qH, B ROTOp:nrx rrpOHBJIHIOTCH npJIMO 1IJm KOCBeH

HO aHOMaJIbHbIe 3q:,q:,eRThI C y-qaCT1H'M CTpaHH:bLX RBapKOB, mrnaTLIBIOT 06rraCTH 

HH3IU1X H BIiICOKHX ::meprHH, MaJIhIC nepe..aaHH:bIe HMITYJThCIiI Ii rrry6oKoHeynpyroe 

paCCeJIHHe. Ha30BeM HCKOTOp:bIe H3 HHX. 

•	 113MepeHHc n~~ u -"t1neHa B nHoH-HyKllOHHOM paCCeJIHHH rrpH HH3KHX 

3HeprHJIX. AHaJrn3 U -"t1JIeHa YKa3bIBBaeT Ha 3aMeTHOC qnCJIO 88 - IIap cpe

.n;H mrpTyaJIbHbIX KDapR-aHTHIrnapKOBhIX nap B HyIOIOHe. CKpHTeVl CTpaH

HOCTI> npOTOHa oll,eHHBaeTCJI B rrpe.n;eJIax 10 % [1~2]. 

•	 M3MepeHHe cmm03aDHCIIlL(HX CTpyKTypHhIX epyHRUHii B 3KcrrepRMeHTax no 

fJIy6oKoHeynpyroMy paCCeJlHHIO nOJIJIpH30BaHHhlx,meKTpoHoD H MIOOHOB 

Ha nOJIJlpH30BaHHhIx npoToRax H TeOpeTH"t1eCIGfH aHClJm:3 3KcnepHMeHTaJI&

HLIX pe3YJThTaTOB rrpHBOmIT K 3aKmo"lleHHIO 0 BKJIa.n;e B CIIHH npOTOHa nap 

cTpaHHbIX MOpCKHX IrnapKOB, nOJI1IpH3aUHJI KOTOphIX oTpHu,aTeJThHa - npo

THDOrrOJIOiRHa cnHRy upoToHa, ~s = -0,11 ± 0,03 [3,4). 

•	 B03HHKHoBeHHe HHRJII03HBHO:H: nOJIJlpH3aUHH rHnepoHoB B rrpoToH-IIpOTOH

.HbIX HJIH rrpOTOH-Jl.n.epHhIX CTOJIKHOBeHHJIX rrp:u: BbICOKl:IX :meprHJIx. IIoJIJl 

pH3an;HJI, HarrpHMep, HH1\JTI03HBH:bJX l\. (noIDIpH30BaHHhIe A - nmepOHbI 

nOIDIpH30BaHH:bIe s-KBapKH) ..aOCTHraeT 25 %. 06hHcHeHHe BLlXO,llHT .n;aJIeKO 

3a paMKH CTaTI1CTlPleCKOH KBapRO.BOH M:o.n;eJIH a,2lpoHoB [5,6]. 

•	 M3y-q('H1R' aHHHBrmIUHR pJ5 B AA B 06JIaCTH 3HepnlH He.n:aJIeKO OT nopora. 

l'.opPPJIJIUYfOHHLIH ClRCIH'PH)'!E'HT LIlleT IW3YJIhTaT - napa .\A pO/fUlaeTCH B 

'IHCTO TpHllJIeTHOM COCTOJIHHH [7]. '~TO 03HalIaeT, -qTO .li·s-napa TaR}Ke po

lK,ll;aeTCJI B TpHllJleTHOM CO CTOJIHHI1 , T.e. rrpOI\CCC uti ---t 58 He H.D:CT 'Iepe3 
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;)PO-COCTOHHHe, RaR JIOrIFiHO 5LIJIO filiI .uyMaT.h H<l OCHOBe 3Po-Mo,[{eJIeH, a 

B03MOJKHO "tlCpC3 3Sl-COCTOHHHC . 

•	 113y"tleHHE' HapymeHHR npaBHJIa OKy6o-I~BeHra-113YKH,ROTopoe orrpe.n.e

JI1IeT CHJIbHOe rrOnaBJIeHHe BKJIana KDapKOBJiIX ,UHarpaMM C lf30JllipOBaH

HLIMH rr€TJIJIMH. CyruecTBoBBaHHe 3aMeTHoro CTpaHHoro MOpH B HyIOIoHe 

lfMCCT Ba)RHhIe nOCJlenCTBHH.n:JlH 3Toro npaBlfJIa. AHOMa.JlI>m.m BLIXO,n; ¢
Me30HOB (ss) H3MepeH B peaRIUIJIX pp ~ qnfO H PP ~ ¢ry liI CBJI3aH c S
BOJIHOR BO BXO.n;HOM KaHane, TOT,l(a RaR B P-BOJIHe He Ha6JIIO,ll,aeTCJI 3aMeTHllIX 

OTKJIOHeHHH OT rrpe,ll,CRa3aHHH npaBllJIa OUM. B pp ~ 4)7ro 3aROHhI coxpa

HeHHH pa3pemaIOT TOJThI<O TpHllJleTHOe Ha"lIaJThHOe pp COCTomrn:e. 3HaI< ~s 

B6Jlll3H nopora (Q2 = 0,35 (r3Bjc)2 - HenepTyp6aTHBHaJI 06JIaCTh) MomeT 

6RTL rrOJIOIKHTeJIeH B OTlllItiHH OT nry6oRoHeyrrpyroro pacceHHIDI [8} . 

•	 HaRoHen, 61IHapRbIe peaKIJ;Hll. rrpC.n;MeT HaCTOHmero paccMOTpeHHJI np ~ 

KA(~), ROne"llHhIe COCTOHHIDI KOTOphIX orrpe.n:eJIHIOTCJI pOJR,ll;eHHeM napM 

cTpaHHLlx .'J8-KBapKoB B nHoH-HyRJIOHHHX B3aHMo.n:en:cTDluIX. 

llepBOHa"llaJIDHO Heo6xo,LUlMOCT.b CHCTeMaTlflleCKoro H3yqeHHH 6HHapHLIX pe

aRIJ;lIlH 6hIJIa 06ocHoBaHa, IIICXO,lVI H3 H.n:eOJIOrnH TeopHH KOMllJIeKCHlilX MOMeHTOB 

H SU(3)-cHMMeTpHH. AlnyaJThHOCTl> np06JIeMhI HeO.n;HOKpaTHo no,uq.epKHBaJIaC1 

B pa6oTax, rrOCBHmeHHhIX aHaIDI3Y rrOHBJIHlOm;HXCJI 3KcrreplIMeHTaJThHliOC ,ll,aH

HIDe [9-15]. 3TH peaRII;HH 6LImr rrpHBJIeRaTeJIDHM C TOR T01JKH 3peHHJI, llTO 

CTpyKTypa nx aMnJIHTy.n: HBJIHeTCH cpaBHHTeJThHO rrpoCTOH npM HCnOJIb30B<lHJm 

Mo.n:emr Pe,WKe, nOCKOJIbKY pa3pemeHa TOJThl<O napa Pe.n:JKe-06MeHOB C IIpOTHBO

rrOJIOIKHOH cHrHaTypoit B 06meM BH.n;C BonpoC CTaBHTCJI TaIlliM 06pa30M: KaKOB 

BKJIa)); BeRTopHoro K~,- H TeH30pHoro k}-o6M€HOB, a6cop6THDHLIX 3<p<peRTOB 

H HaCROJThRO CnpaBe,llIDIBhI SU (3 )-cooTHomeHlUI MelK.zlY aMIIlllfTy.n;aMH peaKIJ;HH. 

OTBeT Tpe60BaJI npoBelleHlUI nOJllIOrO OTIIiITa .nIDi 6e3Mo.n:eJThHOrO BOCCTaHOBJIe

HIDl aMnlllfTyn peaKUHH. TaKHx ,.a;aHH.hIX ,.a;o C11X rrop HeT. HO HHTepec K npo6JIe

Me reHepHpOBaJI 60JThillOe "llMCJIJIO TeOpeTHQeCRl1X Mo.ueJIeil, KOTopLIe B03HHRaJUI 

TaRJIH.' H 6JIaro.n:apJI TOM)', "lITO HMeeTCJI MHoro CBo6ozu,r B napaMeTpH3aIJ;HH D.hI"lle

TOD B IIJIOCROCT:M: KOMllJIeKCHoro MOMeHTa. OT,n;aTl> IIpe).I,IIOllTeHHe Toil HJIH HHOH 

Mo.uemr 6hIJIO Tpy;Il;HO H3-3a He,ll,OCTaTKa 3KcrrepHMeHTaJThHhIX naHHI:.IX. AHano

rMllHMe BorrpocM 6b1JU1 C<pOpMyJIHpOBaH.bI H B 06}IaCTH pacceHHHH Ha3a.n:. B o6.;rla

CTH 6apHoHHoro o6MeHa. )laJl.hHeHllH'e CIH..'TeMaTH"tleCKOe H3YlleHHe BKJIa,n;u pa3

JIIf"tlHbIX 06)leHOB II IIX rrone.n;eHHJI (S- H t-3umIOD.lOCTU) nOnpeJKHeMy OCTaeTCJI 

Heo5xo.mrMoit cTyrr€HhlO B H3YQeHHH 5HHapHhIX peaRUH:E:. 

B HacTOHm;CC npeMR HMeeTCJI oco6hrii: HHTepec R 6HHapHhIl\i peaKUIDIM Jrp ~ 

}{A(I:) B CBH3H C nOHBJIeHHe:M: npe.n:cKa3aHHH MOJICJICI'1: B HerrepTyp6aTHBHoH 
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06JIaCTH KX,U. C nCnOJTh30BaHRCM MO,IJPJIdt HaM:6y II Hoaa-JIacHHHo BhItIn

CJIeH Blm3,U cnHH-Op6HTaJIbHOrO B3aHMO,lJ;eHCTBl1JI B IIpoueccax nepe3apJI.n;KR 

TIp -t Jr('17 )n, O())TJIOBJICHHLIX rrepexo.n;OM uTi -.-+ dd [16]. IIoKa3aHo. "tITO a101

rrJIHTyna cnHH - Op6HTaJThHOrO B3aHMo.n:eHcTBHH onpeneJIJIeTCH aHHIITHIDIUHeH 

H P0)J{.ZI:eH1H'M nap KBapROB B 3PO-COCTOlIHHH. OTHOCHTeJIhHOe YCllJIeHHC CIIHH

Op6HTaJIhHOH a~mJIHTY,l(hIrrpOJlICxolJ;lU 33 CtIeT .neCTp)"KTHBHOH HHTep¢epeHHI.UUI 

COCTOJIHHH 3]i) H 1So . ROTOpI.Ie .uaIOT BRJIa.n: B aMIIJIHTy,IJ;y 6e3 rrepeBopOTa CIIH

Ha. TaKHM 06pa30M, ynaeTCJI OIIHCaTl, ,ll;IiU B .IUI<p<pePCHll}IaJIhHhlX CelIemUIX B 

peaKUHJIx nepe3apJI~. PaCillHpeHHC MOneJll1 Ha peaI<IJ;IUI Jrp --+ KA(~)~ o6y

CJIOBJIeHHhIe nepexo.n;OM uti --+ SS, II03BO.Jll1:T rrOBH.n;KM:OMy KOJrn"tIeCTBeHHO 06'1>

JICHHTL OTHocHTem.HyIO MaJIOCTh cnHH-Op6HTaJILHOrO B3aHMo.n;en:cTBHH B 9TlIX 

npoueccax rrpH MaJIhIX nepe.llaHHbIX HMIIyJILCax. 

CpaBHHTeJIhHO Hc.uaBH03KcrrepHMeHTaJILHbIe .n:aHHbIC no 6HHapHhIM peaKIU1

JIM 6wrn: BOCTpe60BaHhI B CIIHHOBOH <pH3HKe BhICORHX 3Hepnra [17]. HCIIOJTh3yH 

rrpocTYJO MO.IJ;eJIb pe,U)Kf'30BaHHoro O.n;HOIII10HOrO o6MeHa, aBTopaM y.n;aJIOCL CB11

3aTh BeIDI"tiIDIy HHKJII031IBHOH nOJIJIpH3a:U;HI1 A B npOTOH-rrpOTOHHliIX CTOJIKHOBC

HlIJIX C rrOJIHpH3aUHeH A B 6HHapHbIx peaKIJ;HHX rrpH HH3KHX Ii rrpOMe)KyTO'tfHlJX 

3HepnUIX, He 06'1>JICHlIJI co6cTBeHHo MexaHH3M pOlli,UeHHH nmcpoHoB. BOJIee 

rro.lij)o6HhIe IIOJIJIpK3a:U;HoHHLIe naHHLIe n03BOJIHJm 6bI 60JIee TOlfHO HCCJIe.n;OBaTL 

nOT MeTO.n; H yny"tiruHJIH 6nr IIOHHNIaHHC' IfM:elOIUHXCH 06IIIHpHLIX, H "tiaCTO 3ara

.n;O"tIHI.LX, 3KcnepHMCHTaJThHIilX pe3ym,TaTOB ITO RHKmo3HBHOH IIOJIJIpH3a:U;HH nr

rrepOHOD, I<OTOpaJI rrpe.n;CTaBJIHeTCJI HCKOTOpbIM aDTopaM HaH60JIee HHTepeCHOH 

rrp06JIeMOH B CITHHOBOii: <pH3HRe BbICOKHX 3Heprmt. 8TO nO.n;TBepJK.n:aeTCJI 06HJm

eM Mo.n;eJIe:A:. B O,lJ;Hoit H3 nOCJIe,llHHX [18] oCHOBHylO pom. B MexaHH3Me B03HKK

HOBeHHJI rrOJIHpH3a1urH HrpaeT Op6HTaJIbHhIH MOM:eHT nap cTpaHHLIX KBapKoB, 

rrpncyTcTByromHx BHyTpH KOHCTHTy3HTHLIX KBapKoB. CTpyKTypa HyKJIOHa rrpH 

3TOM OCHOBaHa Ha BLIBo.n:ax Mo,UeJIH KHpaJIhHhIX KBapKoB~ y"tiHThIBaroID;Hx Henep

Typ6aTHBHhIc 3qHpeRThI. 

8KcrrepHMeHTaJILHaJI cHTyaUHH 

06JIaCTL 3Hepnrii .n;o 10 r3B, ,ll;Iiana30H yCKopHTeJIJI 11T3<I>, rrO,llXO,lI,HT HaHny"tJ:

llIHM 06pa30M .n;JIJI. ocym.ecTBJIelIHH 3KcIIepHMeHTaJIbHOH rrporpaMMH no H3YQe

muo Jrp -t ](A(E). HMelOllll1eCJI rrHOHHhIe rry'tfIlli C HMII)rJIbCaMH no 3 r3B/c MO

rYT 6bIT1 HCnOJIb30BaHLI B pe30HaHCHOH 06JIaCTH 3Hcpnrn:. ,ZL'l1I 6apHoHHoH cneK

TpOCKOpHH, a npH p > 3 f3B/c - 1l,.JIJI H3ytIeHHJI ?vfeXClHH3MOB B3aH1w.n;eHcTBHH. 

l(Harra30H 3 - 6 13B/ C JIBJIJICTCJI YHHKaJIhHIDI. nOCKOJIb1:Y rr03BOJUH'T C Y1.leTOM 

n;OCTHraeMoro HMUyJILCHOTO pa3perrreHHH pa3.n;eJIRTh rrpoueCCbI 7r-p -t A."o/\. IiI 
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n-p -t l{oEo no He,n;OCTalOmeH Macce H ocymecTBHTI> HX O,LJ;HonpellieHHoe HC

CJIe,n;OBaHHe. 

BHHapHId:e peaKUHH 1rp ~ KA('E) OTHOCJITCJI K THIIy 0+ ~ -t 0+ ~ (0111/2 
- CII:HHbI 'tJaCT:Hll). KpoMe .zm:<p<pepeHIJ;HaJThHOrO ce'tJeHIDI daIdt IIOJIHIJ::H aa60p 

Ha6.JIK),n;aeMlJX BeJDPrnH B!ono-qaeT D ce6JI HOpMaJThHyIO IIOJIJIpH3aUHlO P (HJIH 
JIeDO-IIpaBylO aCHMMeTpmo ALR) 11 llapaMeTpLI: nOBopOTa CIIHHa A H R. IIpli 

HMelODlHXCJI )J;aHH:bIX IIO doIdt 11 P 3HaHHe A, R IIplllillHIIHaJThHO Heo6xo.n:HMo 

,n;JIJI O_1I)W3Ha~Oro BOCCTaHOBJIeHIDI aMTIJIHTy.n;. M3MepeHHe A H R MQ)J{eT 6liITl> 

ocymeCTDJIeHO TOJThKO Ha llOJIJIpH30BaHHoH MHilleIDL TIOJIJIpH3aUHOHHId:e COCTO

JIHHJI rHuepOHOB (3a HCKJIIO'tJCHIICM I:0) IIOJIHOCTLIO orrpe,n;eJIJIIOTCJI no aCHMMe

TpHH HX cJIa6lJX paCIIa,n;OB. O,lJ,HaRO HeCMOTpJI Ha MHOrOJIeTHIOlO aKTyaJThHOCh 

np06JIeMhI H Ha 3UMel:IaTeJIbHMe CBOHCTHa 3THX peaKII:HH (MaJIOe 'tJHCJIO cnHHO

BLIX nepeMeHHhIX Ii caMOaHa.lIH3HpYlOmyro cnoco6HoCTL), 3RCllepHMeHTaJThHLIe 

,n;aHHbIe B 60m.mHHCTBe cny-rraeB He)J;OCTaTO"tlHLI .llIDI npJIMOrO BOCCTaHOBJICHHH 

aMllJIHTy,D;. CTporo rOBOpJI, CHCTeMaTHlIeC.KHe H3MepeHlIH, BKJDO'tJaJI IIOBOpOT 

cm-IRa, 6UJnI B:bIllOmIeH:LI TOJIbKO B n-p -t l{oA B pe30HaHcTHo:B: 06JIaCTlI :mep

I'd npH p < 3 r3B/c (19]. TIPJI6Jm}!H~HHaJI 3KcnepHMeHTaJIbHaJI cHTyaU:IDi no 

6HHapHhIM peaKIUUIM npe.n;cTaBJIeHa B Ta6Jmue 1, B ROTOPO~ .n;am.r CBe,n;eHHJI 

o Bcex peaKIJ;:IDiX (3HaK "?" o603Ha'tJaeT 60JThiliHe OllIH6KH H <pparMeHTapHOCTl> 

H3MepeHIDI, 13 - yroJI IIoBopoTa emma). 

Ta6Jllfua 1 

p < 3 r3B/c p > 3 r3B/c p > 3 f::>B/c 
pea.KIJ;HJI pe30HaHCHaJl paCCeJIHltIe paCCeJIHHe 

06JIaCTL Bnepe.ll: Ha3a,n; 

7r-p -+ KOA doI dt, P,13 dr7ldt,P-? dr7ldt,P,A H R-? 
7f-p -t I{o~o daIdt 
7["-p -t I{+'E do-jdt- ? daIdt-? da Idt 
7["+P -t !(+E+ daIdt, P, (3-7 dr7 /dt,P-? 

B 'Jr+p -+ K+'E+, B pe30HaHcHoH o6JIacnl, CHCTeMaTK'tJec:rrn:e H3M:epeHH1I 

doIdt II P He 6:LIJm ,llOnOJDIeH:LI Heo6xoJIHMOH JIH<popMaUHeH 0 nOBopOTe cnHHa 

(20,21). B 06JIaCTH paCeeJIHIDI Bnepe.a:, rrpH p > 3 r3B/c, H3MepeHliffi nOBopoTa 

emma OTCyTCTByIOT rrOJIHOCThK). TaRI1:M 06pa3mJ, Hal< ":ITO Bl'r,IJJIo 11:3 Ta6mrULI, 11.0 

CHX nop HMeeTCH ,n:OCTaTOWO 06IIIHpHoe lIOJIe ,I(JIJI rrOJIJIpH3aUHOHHOH .n:eJITeJI&

HoeTR (TO"tIHee, He TOJThKO nOJIJIpli3aUIWHHoa), ROTopoe MOllieT 6bIT:b OCBoeHO Ha 

yCKopIlTeJIe l1T9<I>~ B03MOJKHO 3a RCl<JIJO"tIeHHeM peaKIJ;HH C 06MeHOM l[80HHhfM 
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3apJIllOM - pE'aKl.U'fti, HllYIIIHX (' O"tlE'Hb MaJThTh.l Ce"tlE'HHeM. IIo.n;po6HhIH nepe"tl(:'Hb 

:~KCrrepJ1MeHTaJThHhIXpa60T B 06JIaCTU paCCCJIHHJI BIIl'PC.u MOiKHO HaRTH B [9-15]. 
113McpcHlHo P, A H R B 7r-P ~ KOA npH pacct'JIHHH Ha3a.n: IIOCBJImeHa pa60Ta 

(22]. ITomnTKH H3MepeHl!H HOpMaJIbHOH IIOJIJIpH3a:U;HH B rr-p ---+ liDA OIIHcaHLI 

B (23,24J. 

OmH,naeMaJI HOBH3Ha 3KcnepHMeHTaJILHLIX
 

,n;aHHhIX
 

HOBH3Ha 3KcnepHMeHTam.H.hlX .uaHH.hIX 6y.n:eT 3aBIICeT:b KOHe'tfHO OT CTerreHH yHH

Bepca.m.HOCTH C03.n:aBaeMoi{ YCTaHOBK1L OrpaHlftIeHlffi, KOTOp.hIe BHOCHT Te HJIH 

.upynle IIpH60phI Hllli MeTOL(H"tleCKl1e pellIt'HHlI, 6YDYT paCCMOTpeHbI B .n;am.Heit

meMo B Ka'lE'CTBe rrepBOOtIepe.lIHoH 3a.n;aQR MH paCCMaTp:IolBaeM H3McpeHHe no

mrpH3RIJ;lWHHbIX napaMeTpOD B peaKn;HJIX Jr-p ~ j(o A 11 Jr-p ~ 1<°,,£° B O.IJ:HOM 

3RCnepHMeHTe no aHaJIOrH:H C H3MepeHHJIMH .n;K<p<pepeHIJ;HaJThHDIX CeqeIDIH, BhI

IIOJIHJ!eMhIX B ANL Ha crreKTpOMeTpe He,n:OCTaIOmmc Macc [25]. 11MnyJI1cHhIK 

.n;Harra30H HaJIeTaIOlll;ILX nliOHOB - OT 3 .no 6 r3B/ c, RBa.npaT rrepe.n:aHHoro "tle

n.rpcx HMnym.ca -t - .n:o 1 (n~B/c)2. BnepBIJe B rr-p ---+ K OA 6y;z:ryT H3MepeHLI 

Dee nOJIHpH3aUHOHHhIe napaMeTphI, a D peaKUHH r.- p ~ ](01:,0 - JICBO - npaBaH 

aCHMMeTpRH (HopMaJIbHaH rrOJIJIpli3a:U;KJI) Ii B03MOlliHO 6y;z:ryT H3MepeHbI napa

MeTpbI rrOBopOTa cnHua. B pearoum 7f+P -? ](+:E+, TaIOKe BrrepBIlle, 6y.n;eT 

ITOJIyqeH rrOJIHbll1 Ha60p Ha6mo.n;aeMhIX IIOJIapH3a:U;UOHHbIX napaMeTpOB. ,lJ;aH

HbIe no rroBopoTy cnHHa MoryT 6h1TL corrOCTaBJIeHhI C rrpelICKa3aHHJIMH pa3JIH'tf

HhIX Mo.neJThHO-3aBHCHMhIX aMITJIHTy,mI.hIX aHaJIH30B, ROTopliIe npe.n;CTaBJIeHliI Ha 

Puc.I. CpaBHeHIH' .n:aHHhIX ITO HopMam.HoH ITOJIHpH3aUHH .n;aeT B03MO}l{HOCTb 

rrpOBepHTL crrpaBe.z:vm:BOCTb paBeHCTBa P( rr-p -? K°r.;°) = P( 7f+P ~ li+1:,+), 

HCrrOJI:b3yeMoro 'laCTO B npe.n;n:OJIO)KeHHR qHCTOrO (I = ~)-o6MeHa BJIH CTene

1m crrpaBe.n;JIHBOCTH 3Toro rrpe.n;rrOJIOJKeHl1JI. CpaBHemre P(1r-p -? J(o A) H 

P( Jr-p -? K°:E°) .n;aeT npoBepxy 3<p<peKTa 3epXaJIbHOH CHMMeTpHH, BhITeKaIO

ru.e:ti H3 SU(3)-cooTHomemrn Mem.n:y s-RaHam.HbIMH CIIHpaJILHhIMH aMnJIHTy.n.a

MM, OCHOBaHHIJX Ha ORTeTHOH o6MeHHoH .n:OMHHaHTHOCTH. HaRoHeu, .n:aHH:bIe 

6Y,UYT IH'ITOJTh30BaHbI .n:JIJI npJIMOrO Ha3Ha"tleHI-IJI - .n:JIJI BOCCTHOBJIeHHJI aMITJIHTy.n:. 

3.n:ecL oTKpnrnaIOTClIllIHpOKHe D03MOiRHOCTU HX rrpHMeHCHHJI )])lJI rrpoBepRH H rro

CTpOeHKJI pa3JIH"tlH:bIX TCOpeTHqeCKHX Mo.n;eJIeH, nOCROJI:bKY TOJThKO aMllJIHTY,ZJ;hI 

MoryT .aaTb HCqeprrLIBaIOIIIHH OTBeT 0 CITpaBe,ll)Il1BOCT11 rex HJll1 l1H:bIX reopHH. 

Pe30HaHcHRa o6Jlacn.. 3HeprHR p < 3 [:lB/c TaKIKe npe,n:CTaBJilleT HHTepec. 

rrOCKO.JIbKY AM pCf.!1U])'IH 7i"+ P ~ I\+~+ HyJKHbI 6011£:'(:' IIOLIIJOOHMe H3MepeHHH 
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1TN-+KY KN --+1TY 

0.0 -0.5 -1.0 0.0 -0.5 -1.0 

0.5 

A 0.0 

-05 

-1.0 

7TN~KY KN~7TY 

1.0 

0.5 

R 0.0 

-0.5 

-\.0 
0.0 -0.5 -1.0 0.0 -1.0 

t (GeV/c)2 

PHc.la. IIpe,n:cRa3aIlHHe 3HaqeHIDl napaMeTpoB nOBopoTa cmma A H R npH 

5 r3B/c. CrrJIOIIIHaH JmHIDI - H.Navelet et al.[ll], rrYHKTHpHaJI JIHHHH 

V.Barger et al·fIO]. 
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1.0~
I· I 

J 

_~~~ ~:!H l/ -
" 0 

0.5 

T	 0.0
 

-0.5 I
 
-1.0 

S 

",:,1.0
0.0 -0.5 -1.0 0.0 -0.5 -I. 

t (GeV/c)2 

Pnc.16. IIpe.n:cKa3aHHLIe 3HaqeHIDI IIapaM~TpqB IIOBopOTa CIII1Ha T H S npM 

4 r3B/c. CIIJIOiliHaJI IDIHIDI -' H.Navelet et a1.[ll], nyHKTHpHaJI JllifHHH _ 

E.L.Berger and G.C.Fox[9]. 
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napaMeTpOB nOBOpOTa CIIHHa, liTO MO)l{eT npHBeCUr K HOBOMy 60JIee .n;OCTODep

HOM)' Ii O,lI;H03HallHOMY epa30BoMy aHaJIH3Y, 'tlT06hI yCTaHOBHT:b CBH3:b pe30HaHCa 

ti++ C KaHaJIOM ]{+E+ . CDH3:b HeKOTOphIX HyKnoHHHX pe30HaHCOB C RaHaJIOM 

KOA 6hIJIa yCTaHOBJIeHa B pe3YJIbTaTe CHCTeMaTHlIeCIGlX H3MepeHHH, ynoMJIHy

ThIX BhIIIIe, H rrpOBe.n;eHHH <!>a30Boro aHaJIH3a [19]. HeT Cepbt'3HhIX CMCTeMaTHlIe

. CKHX H MeTO,1U1:QeClrn:x OrpaHH'tleIIlfA:, llTo6hI .nIDi 1r+P --+ ](+~+ 3TH H3MepeHIDI 

BhIIIOJIHHJI:HCl> IIpHMepHO Ha TOR me yCTaHoBRe. 

MO}l{HO Ha.n;eHTl>ClI TaRJKe Ha nonytIeHHe HHepopMan;HH no 6:mmpm.JM peaR

ll,IDlM B o6naCHI paCCeJIHIDI Ha3a.n; HJIH 6apMoHHoro o6MeHa. KpOMe Toro HMe

IOTCJI KBa3H.n;ByX'tlaCTWIHHe peaKIJ;HH, PCfRcTpaqRJI KOTOp:orx MO}l{eT 6hITb ocy

ru;ecTBneHa. K HHM OTHOCJITCJI 1r-p --+ 1r+1r-n, 1r-p -4 ](+K-n, 1r+P --+ pD.++ 

Ii .n:pyrHe. Pea:rrn;HH C pO}l{.LJ:emreM ,D;HnHoHoB npe.n;cTaBJIHIOT oco6:btit HHTepec 

C TO'tlm 3peHIDl HCCJIe.noBaHHH nHOH-nKOHHoro B3aHMo.n;eHcTBHH B S-COCTOJIHHH. 

lfx H3YQeHHe rrpH 9HeprIDIX 3 - 6 r3B/ C n03BOJIHT pacmHpHTL nOHHMaHHC npo

6neMhI Tal< Ha3LIBaeMoro CKaJIJIpHOrO - H30CKaIDIpHoro Me30Ha [26]. 

IIoJIHpH3aU;HoHHhle napaMeTpLI 

IIomrpH3aUHoHHoe COCTOJIHHe A, E± MOJKCT 6hITL onpe.n;eJIeHO no aCIiMMeTpHH 

BhInCTa rrpO~KTOB MX c.na6oro pacna.n;a :B CHCTeMC rrOKOJI nmepOHOB. B 9Kcne

pHMeHTe C HenoIDIpH30BaHHoi MHlIIeH.bIO yrJIOBbIe pacnpe.n;eJIeHlUl HMelOT BH.n;: 

lV(8) = ~(1 + aPcos8), (1 ) 

r,n;e P - HOpMaJThHaH nOJIJIpH3aD;IDI, fJ - yrOIT Me}l{LIY HOpMaJIbIO K IIJIOCROCTH
 

. peaKIJ;:H:H M HMnyn::&COM HyKITOHa, 0' - aCHMMeTpHH cJIa6oro pacrra.n;a. B 3RC


nepHMeHTe C nOnepCQHO - IIomrpH30BaHHoH MHIliCH.b1O yrJIOBble pacnpe.n;eJIeHIDI
 

orrpe.n;eIDIlOTCJI BblpallieHMeM: 

W(¢,fJ,1J) 

(2) 

r.n;e A.s H R s - napaMeTpIJ no:aopOTa cnHHa; P - IlOIDipH3aD;HH MHlIIeHH; fJ~ TJ 

yrOJIbI B:bIJIeTa HyKJIOHO:a B CMCTeMe rrOKUJI rHIIepOHOB; <j; - yrOJI MCJK.l\Y BeI<TOpOM 

nOJIJIpH3aUUH: H HOpMaJIbIO K IIJIOCKOCUI peaIUl;HH. Orrpe.n:en€HHe napaMeTpOB 

P~, As, Rs, PT, ocymeCTBJIHIOT MeTo.n;OM MaKCHMaJThHOrO rrpaB.n;OIIo.n;o6HJI, rrO,ll.I'OH

Koif )KCrrepllll,H'HTaJILH1.LX yrnoBhIX pacrrpe.n;eJIeHHH K B:bIpa}KeHHIO (2). B cJIYlIae 
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I~O __ ;\~l' ycp€',lJ,H€'HHaJI ITO yrJIaM BLIJIeTa R CTIRHOBhIM COCTOJIHliJIM cpoToHa, IIO

IJIJIpH3aUHJI A naeT o.n;H03HaI.IHLIH OTBeT 0 rrOJIJIpH3aUHoHHoM COCTOHHHH ~o. 

(3) 

TIPl1 paCCeJIHHH rry't£Ka Ha IIOJIJlp1130BaHHOi1: Ml111IeHI1 MO)KeT fiLIT}, orrpe,lIeJIeHa 

]It'BO-npaBaJI aCHMMeTpIDI: 

(4) 

f.n:E' Py -3<p<pE'KTHBHaJI IIOJIJlpH3aUlfJI MHIIIeHH; N± - HOpMHpoBaHHhIe 'uma C06hI

THH rrpl1 pa3Hl>LX 3HaKax ITOJIJIp113aUHH MHllICHH Hilli 11HT€,HCHBHOCTH IIpH ¢ = 0 
11 ¢ = 11. ,UJlli lrp ~ l\..-A(I::) P npHHHMalOT paBHIDl A. 

TIapaM€'TplJ P, As H R s CBJISaHlJ C S-KaHaJIbH:hIMH CIIHpaJIDH:r.rMH aMIIJrnTy.n:a

MH: 
Pdo jdt 2Im(H~+H~*- ), 

Asdo jdt = IH~+ 1 
2

- IH~-12 ~ 
Rsdajdt 2Re(H~+Ht*_), 

dajdt jH++!2 + IH~_12, 
p 2 + A; + R; 1, 

rlI,e H~+, H~_ - CnHpaJIbHhIe aMnJIlITY,lJ;hI 5e3 H31H'HeHHlI CIIHpaJThHOCTH H, co

OTBeTCTBeHHO, C H3MCHPHHE'M rmrpaJIbHOCTH. I1Hoflla 3a,aaeTCJI BOIIpOC 0 TOM, 

lleikTBIITE'JThHO Jill HYiRHbT W3Mf>Pf'HHlI A H R )l;Jl1I BOCCTaHOBJIeHHll aMIIJIHTyli. 

BhIpaJKeHHH, IIpelI.CTaBJIeHHhH.) BhIIlI€', ,n:alOT OTBeT. I1pe.u.cTaBHM Pda jdt B mi
n€' 21Ht+ IIHt-lsin¢, f.n.E' d; - OTHOCHTeJIbHaJI qla3Cl ClMIIJIHTY,n;. CpaBHHBaJI 3TO 

DLIpameHH€' c ce't£eHHeM BH,n;H:M, 'ITO 'IRenO nepeMeHH:bIX fiOJThIIl(\~ 'IeM 'lRCJIO 

ypaBHeHHM, KOTOPhH' R TOMy me KDa,n:panPIHhIe ~ T. e. HY)f{HhI nOIIOJlliHTeJThHhIe 

COOTHOllIeHHJI, KOTopnre .u.alOT As H Rs • Tpa,LOlUHOHHIJ:e napaM€'Tp},l BOJIhepeH

IIITeMHa .4 II R CBJI3aHbI c As M Rs COOTHOIIICHMJI11H [9]: 

R RscosBs - .4..s sinBs 

A RssinBs + AscosBs ,
 

fne ()s - S-KaHaJIbHLIH yrOJI paCC€'JIHHJI B cHCTe:ue U€'HTpa ~lacc. 
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9KcnepHMeHTaJILHLIe Tpe60BaHHJI H
 

YCJlOBHJI
 

5.1 lvleTo,n:. 

3aMOpO)l{eHHaJI IIOJIJIpH30BaHHaH rrpoToHHaH MHmeHL rrOMem;aeTCH BHyTpH 

,1lHnOJILHOrO MarHHTa, ROTOp.Ltii: BhIIIOJIHHeT ,ltBe <PYHKIJ;IiH: HBJIlIeTCJI rromrpH

3ylO.IIUlM C nOMOu.u.lO crrenHa.m.H1JX HaKOHetIImROB H JlBJUIeTCH crreKTpOMeTplI"tIe

CKHM. TaRoe pemeHHe II03BOJl1IeT HCnOJIL30BaTL MaRcHMa.m.HI.I1t TeJIeCHLI:R yrOJI 

,l(Jl1I penrcTpauHH q.aCTlm., BhIJIeTalOm;HX H3 MHIIIeHH. CooTBeTcTBeHHo HyJKHhI 

IIIHpoKo3axaaTHbIe Roop.rnmaTlrn:e )J;eTeRTOplJ, o6ecrrellHBaroll{He TaK)I{e BhICOKoe 

HMIIyJILCHOe pa3pemeHHe. IIOJIHpH30BaHHaJI MHlIIeHL (pe<ppIDRepaTop) cHa6)1{e

Ha yCTpoikTBOM rrepeMemeHHH H3 IIOJIIOCHLIX HaKOHelfHHKOB B pa60qee IIOJIO

iRemre H o6paTHo MeTo,n;OM, ROTOpom npHMeHJIJICH B pJI,ll;e 3KCrrepHMCHToB. pJI,lJ; 

}!(CCTKHX 3KcrrepHMeHTamHhIX yCJIom{}i IIpHXO,n;HTCJI yqHThIBaTb, qTo6hI Ha,n:eJIT

CJI Ha IIorryqemre ,n:eHcTBHTeJThHO HOBLIX, CHCTeMaTlPreCKHX H TOqHLIX, 3KcnepH

MeHTaJThHbIX .n;aHHhIX. Cpe.rur 3THX yCJIOBHH: 

- crre:unq>HlfeCRaJI reoMeTpHH 3KCnepHMeHTa no nOBopoTy CIIHHa, 

- RHHeMaTH'IeCKlfe orpaHHlfeHID£, 

- pacna.n;LI KaOlIOB H nmepoHoB B 061JeMe MHIIIeHH, 

- pa3.n;eJIeHHe epOHOBhIX no oTHomemno ,n;pyr K .zq>yry rrpou:eccoB C KO A liI K°I:°, 
- YlfeT BKJIa.n;a co6hInrii Ha CBJI3aHHHX JI,D;epHhIX HyKJlOHaX B BCmeCTBe rrOJlJIpH

30BaHHoit MHIlleHH H ,lij). 

B03MO)l{HhI cxeMl.I 3KCnepHMeHTOB c npO,ll;O]]J,HO - nOmIpH30BaHHoH H none

pe1ffiO - nOJIJIpH30BaHHoit MHmeHJIMH. B nOCJlC,lUICM c.rryqae npeHMym;ecTBoM 

JIBJIJIlOTCJI: B03MO)l{HOCTll H3MepCHIDI JIeBO-npaBoH aCHMMeTpHH H 60JIce 3<p<peK

THBHoe HCnOJIb30BaHlfC aHaJllf3lipYIOm;ero MarHlrTHOrO nOM. 

5.2 Crrell,liIq>RKa reoMeTpHH 3KcrrcpHMeHTa no nOBopoTy CIIHHa. 

KaK CJIe,nyeT H3 yrJIOBLIX pacnpe.aeJIeHliH BTOpH'IHhIX qacnrn; (2), HaH60JIee 

qYBcTDRTeJIbHo:tl R nOBopoTy CTIHHa nJIOCKOCTlllO peaKIJ;HH JIBJlJICTCJI BepTHKaJTh

HaR: IIJIOCKOCTll, eCJm HaqaJThHlJe rrpOTOH:M IIOJIJIp1l30BaHbI rrorrepeK IIY~Ka (,.ll;H:
nOJThHID1: MarHHT). B Me,lUlaHHoH IInOCKOCTK 3¢epeKT rroBopoTa crrHHa 3aHyJIJI

eTCH RaR COS¢, HO CTaHOBHTCJI MaKCHMaJThHOR qYBCTDHTeJThHOCTL K H3MepeHHIO 

ALR. BepnrnaJIhH:om pa3Mep 3a30pa MarHHTHoro npoMemyTRa JIBIDIeTCJl KpH

TH-qeCIrnM npll peaJIH3an;HH cxeMIiI 9KcnepHMeHTa no nOllopoTy emma. 3a30p 

.n;O.JI:lKCH 6lJTl> TaRHM, "tITo6IiI o6ecrre~HTb pa3MemeHHe .n;eTeKTopOB B6Jlli3H MlillIe
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HH. 1lT06LI 1laCnUl:bI He 6LIIDI IIOTepRH:bI B nomocax MarHHTa )];0 IIX perIICTpan;l1l1. 

1'bMepCHlI<" HOPMUJIbHO:f:i rrOJI1IpU3UllHH ny1lKaHC 3aBHCHT • B npHHllIUIC. OT OpH

CHT<l.Il.l'1H IIJIOCKOCTII peaKllHM. 

5.3 HnHE'MaTFPleCKHe orpaHl-r1leHlIJI. 

o nOBe.lleHHH KlIHeMaTlI1leCIlliX napaMeTpoB MOIKHO cy.n;UTb no Pllc.2, Ha KO

TOpOY rrpen:cTUBJICHhI pe3YJThTaT:hI paCqeTOB rrpH HMnym.ce HaJIeTaIDIUero nHOHa 

Prr = 4 f3B/c J(JIJI rr-p --t KG/\.. C pOCTOM rrepeJ(aHHoro HMnym.ca JIa60paTop

HHH ~TOJI BbIJIeTa nmepOHa 6:bICTpO B03paCTaeT LIO HeROToporo MaRCH~laJIhHOrO 

3Ha1lemUI ( 50°) H 3aTeM Me.lUIeHHO YMeHhIIIaeTCJL BTOplPIH:E.Ie npOTOHliI BliIJIeTa

IDT B HanpaBJIeHHH HMIIym.ca nurepoHa B rrpe.n;CJIax ROHyca c pacTBopoM pc.m .s ., 

ROTOp:Wt (KoHye) eeTeeTBeHHbIM 06pa30M eym.aeTCJI c YBeIDI1leHHeM HMrrymca, 

PlIc.3. BTOpHllHbIe TIHOHbI HMeeIDT, B COOTBeTCTBHH C 3aKOHClMH coxpaHeHIDI, 

CYIUeCTBeHHO 60JIhIlIHH .rTJIOBOH pa36poc. C yBeIDI"tleHHeM HMTI)'JThCa c¢epbI 

TpaHc¢opMHPYIOTCJI B 3JIJIlUICOH)l;bI. Ha1lHH3R C 300 lvhB/c HMnYJThCHhIe pac

rrpe.l(eJIeHHH BTOPHqHbIX 1laCTHll nepecTalOT rrepeRphIBaTbCJI, MeJKLlJ" HHMH B03

HHKaeT 3a30p, KOTophIi1: yBeJlli"tlHBaeTCJI C pOCTOM HMnyJThCa. 113 yrJIOBhIX H 

HMrrYJThCHhLX pacnpe.l(eneHHH MO)KHO C.l(enaTh BhIBO.l(, 1lTO rrpH He60JIhllIHX nepe

.n;aHHliIX HMnyJIhCaX PPflICTpaUHH 3Ha"llHTeJIbHOH -qaCTli BTOPIPIHlillC nHOHOB 6y.n;eT 

3aTpYlIHPHa. B TO me Bpe~1JI cpaBHHTeJThHO JIt'rIW .n;OCTlUaeTCJI 3aXBaT B BepTH

Ram.Hon nJIOCKOCTII rrpOTOHHoro ROHyca OICTeMon IIJIaHapHbIX Roop.z:UlHaTH.bIX 

n:eTeKTopOB, pa3Mem;eHHhIX B6Jm3H MHIlIeHII, HanpHMep~ RaR YKa3aHO Ha PHC.4 
, naReTaMII H3 8 .npeK(l)OBhIX KaMep, Ka)KLIaR H3 KOTOpl>IX ,L(aeT BepTHRam.Hyro R 

ropR30HTaJI:bHYIO KOOp.n;HHaTH Ha 5 eM TpeKa. NlarHHTHoe none 3)l;eCl> rrpHHJI

TO paBHIDi 10 Kre. C rrOMOllI,.hID PHcA .HerKO 0lleHHTl> pa3Mep BepTII:KaJThHOrO 

3a30pa aHaJIH3HpYlOm;ero MarHlITa. I1pl'I cHM~eTpH-qHoH penrCTpan;Hli: COOI:J

THJI BBepx-BHH3 OH COCTaBJIJIeT 1,2 M. "YrJIOBoi{ pa36poc BTOpWIHIJX IIHOHOB OT 

pacrra.na [(0 , onpe.n;eJIJIeMhIH Pern .s. = 206 ~VhB/c, TaKJKe B.JIHReT Ha pa3MephI 

aHaIDI3Hpyrom;ero MarHIITHoro rrpoMemYTKa. 

5.4 PaCna,1]J:JI B 06JIaCTU MHIlIt'HH. 

IIpH HeOOJThllIlIX nepe,n:aHHHX l1:MIIYJI:bCaX TIOJ(aBJIJIlOmaJl 1laCTb rlInepOHOB 

pacnan:aeTCJI BH)Tpl1 oO':bc:r.ra, orpamFIeHHoro BHeIIIHcii CTeHIWll. naK)"J'::VIHoro 

IW}l{yxa peCPPJDKepaTopa MHllleHH, PRe.5. ITO,n-m.'ly npm,w€ rrpHM€HeHHe BeTO

CHCTeMbI BORP)T Ml1IlIeHII. 'tIT06u BbI,l(eJIHT.h IICTl1HHO HeHTpaJThHhIe C06hITHJL 
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2(/U--+-~~+--+-+--+-~ 0.8 

PHc.2. :KmIeMaTJPlec.:rrn:e napaMeTpLI peaIGJ;HH 1r-p ~ KO A npH 4 r3B/ c. 
eA H e K - JIa60paTOpH:bIe yrJIbI BnmeTa A H KO, PA :K PK - JIa60paTOpHIiIe 

HMIIY.1lllCIiI A H B.-o. 
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PRe.3. YrJIOBbIE' R RMrrYJIbCH1Ie pacrrpe.uE'JIE'HHH BTOpl1QmiDC II.I10HOB H 

rrpOTOHOB OT paCIIa,!l;a A c InmYJIbCO~I 400 YhB/c. -t = 0.09 (r3B/c)2~ 

P;r = 4 r~B/(". 
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PlIcA. 3aXBaT npoToHHoro KOHyca CHCTe~OH nJIaHapHhIX TpeKOB:bLX ,o;eTeK

TOpOD: BepTlI.KaJIbHaH XI. ropH30HTam.HaJI npoeRUlIlL IIorrepe'IliliI1i ropH30H

TaJIbH:nUt pa3Mep MarHKTHoro npOMe4<.yTKa - 1 MeTp, -t = 0,244 (r3B/c)2, 
P;r = 4 r3B/c. 
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2 

PRc.5. [eOMeTpHJI JIOmrpH30BaHHOH MIUlieHR H KMHeMClTHKa 

pea1(~H 7r-p ---+ ]{OA. JIHHIDIMH rrOKa3aHhI .umIHhI rronypaCrra.l(OB: 

-t = 0,03(1), 0,1(2), 1,0(3) (r3B/cr?' P7r = 4 r3B/c. 
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npHBO.lUlT R IIOTCpe nO.n;ClBJIHlOll.I.t'H HX -qaCTH. 1(pyroii: IIOlIX0.n: .n:OJDKeH 6nrTb 

npHMeHeH npM OpraHH3aU;HU TpHrrepa - O,ll;IiH H3 BapHaHTOD HCIIOJIb30BaHHe 

CIJ;HHTHJIJI.HUHOHHbIX rO.n;OCKOnOB. 3<p<peRTKBHOCTI. KOTOpliIX 6):zIeT paCCMOTpC

Ha HIDKe. ,UpyraJI IIp06JIeMa D:hI3BaHa MHOrOKpaTHLIM paCCeKHHeM BTOpHllHDIX 

3apIDKeHHLIX qaCTKIJ;, nepeceKaro:m;HX MHllieHI. H ROHCTpyKUHoHHIlIe 3JIeMeHTH 

peq>pHJKepaTopa. IIp:n: c03.n;aHHH yCTpo:ficTBa .nOJDKHH 6y;nyT yqTelW. 3TH npo

6rreMH. 3.n:ec:h CJIe.n;yeT OTMeTHT:L onpe.n:eJIeHH:hIe npeHMym;ecTBa B H3MepeHHH 

HOpMaJIbHO:H: nOIDIpH3a~H MeTO.nou JleBO-rrpapO:R aCKMMeTplm. MOiKHO HC

IIOJlb30BaT:L HeZTpaJlbHLIe MO.D;hI pacna.n;a HetiTpaJIbHH.."lC nmepOHOB A -+ n1r° 

:n: H36eJKaT:L aHaJIH3a yrJIOBhIX pacIIpe.neJIeHH~BTOpH'tJH:LIX qacnru;. CpaBHcH:ue 

HOpMaJ1bHolt nOmIpli3aUlIH H JIeno-npaDoH aCHMMeTpHH .naCT .n:orrOJlHKTeJIbHYlO 

HH<popMau;mo 0 .n;ocToBepHocTK K3MepeImH. 

5.5 Pa3.n;eJIeHKe }(oA H I\o~o. 

06a npouecca JIBJUllOTC.a <pOHOBJiIMH no OTHOllIeHHlO .llPyr K .n:pyry, ~o pac

na.n:aCTC.a pa.LJ:HaIUlOHHHM crroco6oM Ha A H /. Pa3HKua B Maccax A H EO 
COCTaBJIHeT Bcero 77 M3B. Ce'tleHHJI peaKIJ;HA OTJm'tJaIDTCH He3Ha'tJHTeJIbHO. B 
HeROTOp.blX pa60Tax np06JIeMa peruaJIac:L :~I36aBm'IDreM OT BTOPOH peaR:qmI, Ha

npHMep, IIpHMeBeHHeM BeTO-CHCTeMLr, 'tJyncTBHTeJI:LHOii K")'-KBaHTaM. HaH60JIee 

rrpHBJIeKaTeJThHhIM JIBJlJIeTCJI MeTO.n;, coxpaHHlOIUHH o6e peaKTI;HH, OCHOBaHH1>IH 

Ha B03MOH<HOCTH pa3.n;eJIeHHH 3THX peaKllIDi: no He.n;ocTaIOmeH Macee. B ~TOM 

cJIY'tlae .n:OJDKHO 6:LIT:h ,ll;oenrrnyTo pa3pemeHRe ORono 15 M3B, KOTopoe y.naereJI 

nOJIYlJRTL B .ZJ;Hana30He 3-6 r3B/c (25). He.n:oCTaIorn:a.a Macca B:bfqHCIDIeTCJI no 

H3MepCHHLIM IGIHeMaTHtIeCKHM napaMeTaM HaJIeTalOIL(RX IIHOHon H I\~, HMIIyJThC 

ROToporo B CDOIO oqepe.ll;L onpe,1J,eJIHeTCJI no H3MepeHHLI!\{ napaMeTpaM naplI 

1[+ M 1[-. HMIIyJIbCHOe pa3pemeBHe - 0,3% Ha qacTlruy. Peamt3a:qHH MeTo.n;a 

n03BOJmT H3MepllTL O,IJ;HODpeMeHHo ALR D 060HX peaKll;HJIx C nCrrOJIb30naHHeM 

C06liITRH C HeHTpaJI:LHOH MO.n;OH paena.n;oB A -t n1r°. By.n;yT orrpe.n;CJIeHbI (He

.nocTalOIIJ;He) HMIIyJIhCLI A H EO, tITO C1vIJIr"tIaeT yCJIODIDI H3MepeHHJI napaMeTpOB 

nOBopOTa H HOpMaJIbHO:H nOJlJIpH3aUHH. ,ZJ;mr peaR1um 11-p -+ IigA .n;OCTaTO'tJHO 

perRCTpHpOBaT:h BTOpH"tIHbIe npOTOHH, ,ll;JIJI peaRIOHI 7f-p -+ I<'~,~O OTIIa.n:aer 

Heo6xo.LJ:HMOCT:L B H3MepeH1UI HMIIyJIDCa " - RBaHTa. 
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5.6 llKJIa.u peaKu:liH Ha CDJl3aHHI.IX HyKJIOHUX. 

nOM CB060.LI;HHX npOTOHOB B B('ll.WCTBP rrOJIHpU30BaHHOH MHmeHH - OKono 

10-13 % OT rrOJIHoro KOJIlP.feCTBa H}lOJOHOB. 110ft{HO OinH,naT:& 3aMeTHI..IH BKJIan 

(POHOBLIX c06HnrH Ha CBH3aHHldX HyKJIOHaX, ROTopDIe (C05.LITHH) HeJIerKO 31\C

rrepUMeHTaJIbHO HCl\mo-qUT1 HmI YMeH:&IlIHT1. 06:bI"tJHO HOpMa.JIl>Hyro nOJIHpH

381.unO nmepoHoB, pOJK..ueHHhLx Ha CDJI3aHHhLX npoToHax, npUHIDfalOT paBHoR 

HOp!v1aJThHOH nOJIHpH3a1.um nmepoHoB. pO)l{,ll;eHHHX Ha CBo6o,LJ;H:&IX npoToHax, 

'tITO DR.LJ;HMO cnpaBe,n.JmBO B npe.n:eJIax 20%. BOllee TOlIHhIH OTBeT 5y.n:eT norry

'tIeH IIpH cpaDHeHHH .[{aHHhIX no AIR H P, H3MepeHH.bLX B O,D;Hmr ~KcIIepHMeHTe, 

f;f HO He3aBHCHMMMH MeTo.n:aMH. 

I1pH H3:MepeHHH AIR H A H R BmffiHHe JI,llepHOro epoHa MOJKeT 6I:.ITh y"tJTeHO 

IIyTeM: B~HeJICHH.JI RlIH H3McpCHlur <}>aKTopa pa36aBJIeHHJI D. Tor.n;a 3ep<l>eR

TKBHaH IIOJIJIpH3aUIDI MHilleHH IIpHHHMaeTCJI paBHoM P / D, r.n;c P - BeJm'tIHHa 

IIOJIHpH3an;HH MHmeHH, H3MepeHHa.1I MeTO,lJ;OM JIl(epHOrO MarHHTHoro pe30HaRca. 

MeTo,UoM MORTe Kapno IIoJIYlIeH.bI pacrrpe.neJIeHRH C06LITHM C pO)l{)J;eHReM 

K~ Ha CB060.LI:H:bIX H CBH3aHHbIX HyRJIOHaX, PHc.6. Y'tIHT:bIDaJmc1 peaKII;HR 

rr-p -t [\.-0 A, rr-p ~ KO~o H 7r-/1 ~ [(o~-. vhmymcHoe pa3peIlIeHHe 

npI1HJlTO paBHMM O~3% 1I.M HaJI€TlHOIIJ;HX nHOHOB H - 0.5% 1I.mI RaOHOB. I1c
XOM K3 K30Tomr-qeCKHX cooTHomemrH, ce-qeHMC 7r- 11. ~ A-°2:- IIpHHHTO paB

HhL.\i n'+p ~ [(+E+. <I>epMH-,zunnKcHHe HyKllOHOB B H.n;pax C H 0 omrCLIBaeTcn: 

<pyHKUHeH XIOJThTeHa\ napaMeTpH3aUIDI KOTOPO~ 3aMMCTBOBaHa 113 pa6oTl..I [27]. 
OneHeHHoe 3Ha-qeHHe D H3 paCIIpe.neJIeHIDI PKc.6 ORaJaJIOC1 paBH.bIM 3, lJTO 

HaXO)J;lfTCH B COrJIaCHH C 3KcrrepHMeHTaJI:&HhIM:l'! .uaHH:bI.MH [21.22,23]" 

5.7 TIOJIHpH3an:HoHHaJI tryBcTBHTeJThHOCTlJ. 

LIYBCTBHTeJThHOCTb K aCHMMeTpHH, IIOJLHpH3a:UHH H nOBopoTy CIIMHa 3aJlHCHT 

0'1' pa3HhlX 4>aKTopoB H B 3KcrrepHMeHTe MOlKeT CHJI:&HO pa3JIJ1QaTbCH no Be.JIH

qMHe. n ca~lOM rrpO(TOM c.1I)"Qae norpeHIHocnr H3Mep€HRH nOJUlpH3aUHoHHliLx 

rrapaMeTpoB HMeIDT BH.n:: 
1 

fj•.1Lli = f1\TJ\T • (5)-p-'
TY~\' 

J3op = -~.' (6)o·JN 
y'3

b = -----= (7)A,R P'. r0;
yay.Lv 
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Plfc.6. Pacnpe.n:eJIeHIDI C06:E:.ITlfH no He.ZI:OCTaIOmea Macce K KO B 

Jr-p ---7 I{~(A) R tr-p ---7 I\.-.~P~~o) c ytreTOM RMnyJll>CHOrO pa3pemeHMR 
H peaKIIHH 7r-n ---7 !l."O(~-) '. 
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COOTBt'TCTBeHHO, JJ.JIH JlCBO-rrpanOH aCMMME'TIYHM, HOP~Ia)IbHO:i1: IIOJIJIpn3aUlnr R 

IIapaMeTpOB IIOnOpOTa cnllHa. IV - CTaTlICTH"lleCmR epaKTop. 3Ha-qemur a: npH

ne.n:eHhI B Ta6mrue 2. P~ - 3<p<pPKTHBHaJI nOJIJIp:H3aIIHJI MHillt'Hl1. 

-qaCTl1ua Mona 

pacnaJla 

elf % n 

l{~ 1r+1r 68,61 
A p7f - 64,1 0,642 
~o 1\1 100 
~- 'aT!  99,95 -0,068 
~+ prro 51,57 -0,98 

n1r+ 48,3 O~O68 

,L(JIJI peaKIJ;Hl1 Jr-p ~ KOBO norpelliHOCT:E. rrpH H3MepeHHH P,.4 H R B03

pacTaeT MHHl1MJ'M DTpoe no OTHomeHHlO K 7f-p --t KO A H3-3a K03<p4>HII:eHTa B 

BhIpail<eHHH 3. <l>OpMyJThl 6 H 7 crrpanelI:JllIBLI, ec.7IH yrJIOBliIe pacnpe,n;eJIemu no 

b, 'IJ pcrHcTpHpyIOTCJI co 100% 3ep<peRTHBHoCTbIO. TIo 9TMM rrp:vrQHHaM H3Mepe

HMe A H R. B 1r-p ~ ]{oEo JIBJIJIeTCJI Tpy;n;HoR 3a.n:a-qeH. 

C03,LJ;aHHe yCTaHoBRH 

6.1 Mo,n;epHH3aUHJI MarHHTo-onU:PleCKoro KaHaJIa. 

)J;JIJI ¢OpMHpOBRHHJI rry"tlKOB IIOJIO)f{HT('JIbH:bIX H oTpHUaTeJIbHbIX nHOHOB IIJIa

HHpyeTCJI l1CrrO)Th30BaTl. limrHHTO-OIITH-qecm:ti: KaHaJI N-313 yCKopHTe)lJI MT94>. 
"KaHaJI HYJK.ll:i:1<'TCJI B Mo,n;epHH3aUHH, 6e3 ROTOpOH napa~leTpLI ny'tlRa n 06nacTH 

pa6o"tlefi M:mueHH B HaCTOJIm;ee BpeMJI MaJIO nO.LJ;Xo,z::v.rT ZI:JIJI 3I\CnepllMeHTCl c no

JIJIpH30BaHHoM MHilleHlJIO. OCHOBHLIe rr.emr Mo.n:epHH33II,HH: 

- cTporaH axpoMaTH3aUHJI rry-qRa: 

- B03MOiI\HOCTh <POKYCHPOBKH ny"tll\.a nOJlliOM HHTeHCH13HOCTH 13 TIHTHO C .zm:a:Me-

Tpmf 1 ('::-'1: 

- yCToi1:"QHB:F.JH PE'JI\HM TpaHcnopUlpOB:K}I qaCTlIIrr. OT ~1HIlleHl1: :K yCTaHoBKc: 

- );Llo6HOe MeCTo arrnapaTypM, YTo-qHlIlOIUelt H~rrYJIbCDI "tlaCTHIl B npoMeiKyTO"tl

HO~1 epOK)'CE' RaHaJI3; 
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- pa3Mem;eHIIe nOCJIe.n;HerO MarHHTHOfO :~JleMeHTa Ha pacCTHHIHi 2M OT aHaJIH


3I1pYIOm;ero MafHlITa;
 

- coxpaHeHlH' pa.zmaUHoHHoit o6CTaHOBKR:
 

- coxpaHeHIH' yHHBepCaJThHOCTK II CBeTOCH.JIDI RaHarra.
 

Ha PIIc.7 IIOKa3aHa cxeMa Mo,n:epHH3l1pOBaHHoro KaHaJIa. KaHaJI ,n:OyKOM

IIJIeKTOB:DIBaeTCJI 'tJeTLIphMH KBa,n:pynOJ1I>HhIMli JIHH3aMH nma MJl15 H OJJ;HO:H 

ceKcTynOJ1I>HOH (meCTIffiomocHOH) MarHlfTHOH JUlH90ii. I1oTpe6yeTCJI .rx;eMOHTilli\ 

cymecTBylOmen pa.u;Ha~HOHHOA 3am;IIThI D ceKTope JJ.O 25 M C rrOCJIe,nyIODI:HM 

MOHTalKOM 3alUHThl HOBon KOHCTpyKIJ;lrn:. ,n:JIa: nyliKa C IIMnYJThCOM 5 r3BIC 

H pa3MepoM rrepBHqHoit MHllIeHlI (BHyTpH KOJII,Ua) d=4 MM );n;aeTCJI nOJIY~IITb 

CJIE'.nyIOII.I;He rrapaMeTpLI: lVx = 5 MM, ax = 25 Mpa,ll, l,t~1J = 4 MM H a y = 8 
Mpa,n;, r,n;e, COOTBeTCTBeHHO, vV- llnrpliHa Ha rrOJIYBhICOTe H ()J - yrJIOBOH: pa36poc 

B ropH30HTaJIDHOH x- H nepnmam.HoH y-IIJIOCROCTJIX. BTOpOi1: ¢ORYC paciiomp 

)ReH Ha paccTo/nunr 43 M OT nCpBHqHolt MHllIeHH. PaCqeTliI MarHHTHo:t{ OITTHl<.H 

BliIIIomreHhI npn: nOMOlliJr nporpaMM TRANSPORT (CERN, 80-04) II COOTBeT

cTBylOm;eH eM nporpaMMLI REVMOC (TRI-DN82-28). 

6.2 BapHaHThI HCrrOJ1I>30BaHIDI TpeXMeTpoBoro MarHHTa. 

C ueJILIO yMemmeHIDI <pHHaHcoBhIX 3aTpaT Ha C03,n:aHIIe yCTaHOBRH paccMa

TpHBaeTCJI B03MO)RHOCTll IICnOJTh30BaHHH B KalleCTBe crreRTpOMeTpHqeCKOrO, H 

o.lUwBpeMeHHo nOJDIpH3yIOm;ero, MarHHT TpeXMeTpoBoro MarHHTHoro crreKTpo

MeTpa, BepnIRam.H:IDi 3a30p pa6o"tIero npOMe}1{yTKa KOToporo paDeH 0,5 M, WH

pHHa - 1 M, .n:mma - 3 M, Macca MarIDITa - 150 T, MaKCHMaJThHOe none - 17 
ErC. XOTJI ,n:aHHoe yCTpOHCTBO He JlBJIReTCH OnTHMaJIbHLIM .n:m.r paCCMaTpHBae

MhIX 3a.n:a1.I, HO ROHCTpyKUliJI MarHHTa n03BOJIJIeT cpaBHHTeJIbHO nerKO 1I3MeHHT:b 

ero reOMeTpIlIO. MmKHO yBeJm"tIMTb BCpnIR3JIbHhll 3a30p BIIJIOTh /1.0 1 M, nO,lJ,H.HB 

BepxmolO qaCTb HpMa MarHRTa BMeCTe (' 06MoTRo:tI, YCTaHOBHB COOTBeTcTBylO

II.I;He IIpORJIa,2ll{l{ [28]. KpoMe TOrO', BepXHJIJI qaCTb HpMa MafHMTa JIBlliIeTCJI 

pa36opHoH, 'tITO n03BOJIHeT .n;OIIomm:TeJThHO (JIOKaJIbHo) YBemPIHTb nepTHRaJIb • 
Hldit pa3Mep, 'tIT06lJ yCTaHoBHTh illHpoKo3aXBaTHHH ,n:eTeKTop ,n:JDI peniCTpaUlili 

"tIaCTHU B6mr3H MHmeHH, T.e. TaRHM 06pa30M ocymecTBHT:& cne:rm4JH'tIecKyIO 

reoMeTpHlO 3RcnepHMeHTa no H3MepeHHIO nOBopoT3 CIIRH3. MoryT 6hITb C03,n:a

HhI 60KOBl.Ie H BepTHKaJILHliIe OKRa JJ)IH. yCTaHoBKII li o6crry/IG1BaHIDI ,n:CTCRTOpOB 

BHyTpH MarHHTa. 

Ec.JIH reOMeTpH1JeClnre napaMeTpIiI 'MarHHTHoro 3a30pa OCTaBJIeH:bI 6e3 H3

MCHeHH:t{, TO B 3TOM cny1.Iae 3KcnepHMeHTaJThHLIE' B0311OIKHOCTH penreHHJl MHO
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rO"tIaCTlrtIHO:H: 3a,n;atIli OrpaHH"tIeHLI. OCTaeTCH B03MO)KIlOCTl> peUJll13alJ,I1K 3KC

rrepHMeHTaJIbHOH CxeMIJ B l.1E.'lJ.HaHHOH rrJIOCROCTI1 /l.JIH. H3McpeHHH JIE'BO-npaBOH 

aCHMMeTpHH (PHc.8) CHCTeMOH TpeKOBbIX .n;eTeRTopOB (.lI:peH<poBhIX RaMep), pa3

MemeHHhIX RaK BHyTpH rrpOMe}RyTI{ll, Tal{ H 3a rrpe.n:enaMH Mal'Hl1Ta C ueJIblO 

YBeIDIlleHRH ,ll;JIHHbI pel'l1CTpHpyeMol'o TpeKa. IIpeAIIonaraeTClI, lITO peaKIJ:HH C 

A II L; 6y;z:ryT pa3.n;eneHH no He.n;ocTaroru;eit Macce. IIoCROJlI,KY MarHHT HCrrOJTh30

BanCH B pJI,ZJ;e epIl3lflIecIUIx 3a,ZJ;a'tf, TO ero MarHHTHoe nOJIe xopomo onpe.n:eneHO, 

qTO 06JIer"\fHT HMIIYJII,CHIni: aHaJrn3 H pa60Ty c .npeiiepOBHMH KaMepaMH. ITpH

MCHcHHe BeTO-CHCTeMIJ. BORpyl' MHllieHI1 n03BOJIHT ocymecTBHTb He:itTpaJIbH.bIii 

TpHrrep. B JIOrHKy TpHrrepa 6Y;~YT BKmolIeH:bI CQeT1JHKH CTI;HHTHJIJI1IIl;HOHHLIX 

ro.n;ocRonOB, pa3Mem;eHHLIX KaK BHYTPH, TaR II 3a MarHKTOM. PaCCMaTpHBae

MaJI cxeMa MO}R('T 6IJ.Tb IICnOJTh30BaHa Ha nepBOM 3Tarre 3KCrrepHMCHTaJThHOH 

rrpOl'paMMR, RanpHMep, rrpH C03.n;aHlm H HaJla.n;Ke .n;peH<pOBHX KaMep H,lJJIJI no

ny'leHllH nepBHX .n:aHHHX no aCRMMeTpHH. ,ll,pejt¢OBhIe KaMephI MoryT 6:LI'r:b 

BCTaBJIeHliI H BDIHyT:bI li3 MarHRTa lIepe3 meJIH B BepXHeM JIpMe. 

BapHaRT Ha 6a3e Mo.n;epHH3RpOBaHHOl'O MarHl1Ta /l.JIJI H3MepeHliJI P, ALR, A 
:Ii R npe.n;cTaBJleH Ha PRC.g. BepTHKaJIblihilt pa3Mep 3a30pa YBeJIH~IeH .n:o 0,8 M. 

B ueHTpam.HoH llaCTH 3a30p aCHMMeTpHlIHO yBeJIH'IeH .n:o 1,2 M, llT06:bI 06ec

rrelilITJ, perHcTpaU;lIIO BTOPMllHhIX qaCTHU. B ::noii cxeMe SlKCnepHMeHTa KaOH 

pacceHBaeTCJI BHM3, rMnepoH OT,n;allH JleTHr BBepx. CHcTeMhI ITJIaHapHhL",{ KaMep, 

IIOKa3aHHhIe Ha cxeMe, HCnOJIb3YlOTCH .n;JIH perHcTpa:U;HH HaJIeTaroIIJ;HX nHOHOB, 

qacuru: B6mr3H MRllIeHli H mr.n:.u:pyronI;HX llaCTHD: BHyTpH H 3a rrpe.n;eJIaMH Mar

HHTa. reoMeTpHllecKHe rrapaMeTphI IIo.rrylleHbI paClleTHIiIM IIyTeM. MeTo.n:oM 

MOHTe KapJIo 6bIJIH H3YQeHU t-3aBHCHMOCTH reoMcTpMlIecRoii ~<t><t>eRTHBHocTH 

(3aXBaTa) perHCTpan;RlI K~, PMc.l0. 
BapbHpOBaJIHCI> CJIe.uyroIUHe rrapaMeTpnr: 

- HMnyJIbC HaJIeTarom;el'o IIROHa; 

- BepnrnaJlJ,HHH H ropH30HTaJIbmrn pa3MepbI Mt')I{JlOJIlOCHOrO 3a30pa; 

- paccToHHMe MID1H'HH OT RpaJl MarHHTa; 

- BeJUPrnHa MarHHTHOH HH,nyKIJ:RH; 

- ~llliJHa MHllIE'HH. 

PaccMaTpHBaJIOcJ, ,ZJ.Ba TpeKoBhIX BapHaHTa: 06a llHOHa perHcTpHpyroTCH 

BHyTpH H 3a rrpe/l.eJlaMH MarHHTa; O,lUlH IIHOH - TOJIbKO BHyTpK , .upyroH - H 

3a rrpe.n:eJIaMH (.n:mrHHbIe H KopOTKHe TpeKH). 06e TpeKoBMe KOM6HHaU:HH YlIre

HbI B t-3aBRCHMOCTJlX Ha PHC.10 

YBeJIHlleHMe BepTHKaJIbHOrO pa3Mepa 3a30pa .no 0,8 M JReJlareJThHO rrpH H3Me

P€HHH aCHMMeTpHH H rrpHHI.J;luIHaJIbHO HeOOXO.n;RMO .LI:JIH H3MepeHliJI napaMeTpoB 

IIoBopoTa crHma. 
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f 

6 C3 

3MI· -I 

PRc.8. CxeMa yCTaHoBKH JJ.JIH. H3MepeHHH aCHMMeTpHH B 7r-p -+ K~A(EO): 

1 - cneKTpoMeTplf't{ecRH~ MarHHT, 2 - pe<ppHJKepaTOp, 3 - co6cTBeHHo llOJIH

pH30BaHHaJI MHlIIeH1>, 4 - rry"tlKOBlIIC .npeitepoBI.le RaMepllI, 5 If 6 - .z:q>enepoBMe 

KaMepM JIH,WIpyrom;HX qaCTHU, 7 H 8 - CUHHTHJIJIJII!HoHHDle ro.n;OCROllhI. 
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• .'!J 
'"!

PRc.9. CXeMa yCTaHoBKK ,l1.JIJI H3MepeHHH IIOJIJlpJI3a:U;liIOHHEdX napaMeTpOB 

P, A, R R A B 1r-p ---+ K~A(EO): 1 - cneKTpOMeTpHtIecKIDt MarHliT, 2 - pe¢pH

>KepaTOp, 3 - co6cTBeHHo IIOJIHpH30BaHHaR MlIIIIeHb, 4 - nYllKoBhIe ,n;peHepoBhIe 

KaMepIaI, 5 - Bep1lIIDi1fhllt .n:eTeKTOp, 6 H 7 - ,I:q)eiiepoBbIe I<aMepbI JIH.n;RpyIOIl(RX 

qacnm, 8 H 9 - CIlIDITHJlJIJIU1:t:OHm.re rO.D;OCI<Om.I. 
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O/II--+--:H--+---+-~-+--+---l 

o 
PRc.10. t-3aBHCKMOCTH reOMeTpH"tIeCKoi'i 3epepeRTHBHOCTH perHCTpaI.J;HI1 

I\~ -+ 7[+ 7[- B7f-P ~ I{~A IIpI1 pa3H:bIX SH3"tIeHlIJIX HMIIym.Ca HaJIeTalOmerO 

IIlWHa: 1 - 2 f3B/c, 2 - 3 r3B/c, 3 - 4 f3B/c, 4 - 5 r3B/c. MHmeHb yCTa

HOBJIeHa B :U;CHTpe TpexMeTpoBoro MarH:~ITa, B =10 T, BepTHKaJThHMH pasMep 

OKHa MaTHHTa - 0,8 M, TOpH30HTaJThH:hIH - 1 M. Tpe60BaJIaCL perHcTpaUIDI 

XOTH 6H O,llHoro TpeKa nocJIe,lI;Hei1: KaMepoH. 



26
 

6.3 1J;peHq>oBbIe KaMepu: KOHu;enTyaJIbHOe paccMoTpeHHe. 

B RaqeCTBe ROOp.n;HHaTH1>IX .n;eTeKTopoB JJ.JlH perlfCTpanHH TpeKoB 3apJImeH

HDIX 'IacnnJ; rrpe.n;rrOJIaraeTCH lfCnOJII.30DaTL ,n;pe:tiepoBhIe KaMephI, pa3MemeHHbIe 

B MarHHTHOM norre. WYH:KIUIOHaJIbHO .n;peitq>oB1>Ie KaMepu paa.n;emnoTcH Ha rryq

KOBLIe, Bepnr:HHHLIH .n;eTeRTop H nepe.LUIHe KaMepu .n;JIJl penrCTpan;KR JIHlUlPY
101IUiX qaCTHII;. llepBhIe II nOCJIemure ueJIec006paaHo HCnOJTh30BaTli B BH.n;e MO

.1lYJIeR IIJIaHapHoit ROHcTpy.R.IJ;HH C RBa.upaTHoH HlIeHKOH H ,zq>eH<poB:DIM paccTo

HHHeM OKOJIO 5 H 10 MM, JJ,JIH rrYlIKOB.hIX 11 nepe.n;H11X KaMep, COOTBeTCTBeHHO. 

CHrHaJIhHJ.Ie rrpODOJIOtIKK OpHCHT11pOBalThI nepTHKaJThHO, a B CTepeOCJIOHX - nOll 

}TJIOM ±15° K BepTHKamL M:o.uyJIb CO,L(ep>KHT 2-3 BepTHKamHLIX cnOJI H 2
3 cTepeOCJIOH .n;JIJI JIOKaJI])HOrO pa3penremm neBo-npaBoii Hconpe.neneHHocTII C 

He6oJIhillOH H36IiITOl.fHOCTliIO. Mo,nym. o6eCrre"llHT onpe.n;eJIeHHe o.n;Hoii rrpocTpaH

cTBeHHoH TOlllrn Ha TpeKe C TOtIHOCTLIO OK0J10 0,1 MM (B HanpaImeIDIH .n;peHq,a) 

11 1 MM (B.lJ;OJTh npOBOJIO"tIlrn). rrpe,lUIOnaraeTCH HCnOJIb30BaTb ITO KpaHHelt Mepe 

TpH MO,n;yJIJI B nYl.fKOBhIX 11 meCT!> B nepeJJ.II.KX KaMepax C paCCTOJIImeM Me)I{.zry 

MO)(YJIHMH ORono 0,4 M. '4HCJIO CHrHaJIhHbIX rrpOBOJIO'tlCK B nYlJKOBLlX KaMepax 

IIJIOm;a.ZI,Mo 20x20 CM2 H nepe,IUrnX - nJIoru;a.zu,lO lxO,8 y2 6y.ueT 400 11 1200, 
COOTBeTCTBeHHO. BepllIHHHhlit .n;eTeRTop npeJJ,Ha3Ha"lleH ,l1,JIH penrcTpaUKH Tpe

KOB lIaCTln~ OT pacna.n;oB rHnepoHoB H KaoHoB.YrOJI 3aXBaTa B BepTllKaJThHo:A: 

IIJIOCKOCTH COCTaBJIHeT 600 
• Pa3MepbI :noro .neTeKTopa - npe,lJ;MeT 60JIee TO"llHOK 

onTHMHaau;:mL ECJIK BbI6pan era ,l1,JIHHy 50 CM, a JJ.PeiiepoBoe paCCTOJiHHe 1 CM, 

TO tIHCJIO CHrHam.HLrX rrpOBOJIOtIeR 6y.n;CT 1300. 06mee lIHCJIO CHrHamHbIX npo

BOJIOlleK BO Bcex .upeIt¢oBbIX xaMepax 6y;n:eT OKOJIO 3000. 3HatIHTeJThHLlli 06'LCM 

¢HHaHCOB1IX 3aTpaT CBH3aH C 3J1eKTpOImRoit CtIJlITbIBaHIDI C .lq)eii:q>oB.hIX RaMep. 

O:u;eHHM 3TY CTOHMOCTl> Ha npHMepe CHCTCMIiI 3JIeKTpOHHbIX M0.lIYJIeH pa3pa

60TKH OT,l1,e.rra. 3JIeKTpOHHKH K aBTOMaTH3aUHH M<I>B9, HCrrOJI])3yeMbIX Ha Tpex

MeTpOBOM crreRTpoMeTpe ,ll;JIH HCITbITaHHJ:l .n;peAepoB'LIX KaMep. ClicTeMa MO,ny

JIeR cO,l1,ep>KHT: meCTHa.u.:u;aTH KaHamHInl npe)JJTcHJmTCJTh I1PEY-16, OCHOBHoii: 

TpH.n;uaT11,lI,Byxx RaHa.JIblThIR yCHJIHTCJTh-,1UiCKpHMHHaTop DISF-32 11 IlleCTHa.nna

TH RaHaJIhH:I:>Iii Burr C .n;RCKpeTHOCTIJ 0,5 HC IT267T. Ee CTOHMOCTL COCTaBJIHeT 

20-30 USD Ha KaHan, tITO JJ,aeT oD;eHKy 06meil: CTOHMOCTH 3JIeKTpOHHRH B 60-90 
THe. USD (350 - 600 MJllf. py6.). O,l.l;HHM Ha npoToTHilOB MomeT 6:&ITl> CHCTeMa 

KaMep ~lPSII [29]. B KatIeCTBe ~yroH onnHH BepmHHHoro ,L(eTCKTOpa MOH<HO 

paccMaTpHBaTb BpCMJIIIpOCKIl;HOHHyIO KaMepy. vby-qaIOTcH B03M:0)I{HOCTH IIpH

06peTeHHH 10m: paapa60TKH He06xOlUlMOH: :"'lJIeKTpOHHIG1 B Pocom:. PaccMaTpH

BalOTCJI TaR}l{e llHJrnH.npHtIeCKI1e BapHaHTbI BepIllHHH:bIX .n;eTt'KTopOB [30,31]. 
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6.4 C03)l,aHlfE' 3aMOp0il{('HHOH nOlliIplf30BaHHoM npoToHHOH MHmeHIL 

OnTKMaJIbHaH nmIHR co6cTBeHHo nOJIJIpH30BRHHOM MHIIIeHK COCTaBJIJIeT 15 

CM, .n;HaMeTp - 2 CM. Pa6o"tIee DemeCTDO - 3aMOpO}!{eHHliIe CllI11pTliI: npOnaH,I:I)10n, 

6yTaHOJI R.z:qJ. IIpe.n;BapHTeJIbHo B BemeCTBO MHIIIeHH DDO.n;RTCH, TeM HIDI HHliIM 

cnoco6oM, napaMarHHTHaJI npHMCCh (KoMnJIeKCLI CrY), 3aTeM npHroTaBIDIBaeT

ell 3aMOpOmE'HHaH .n:p06h, KOTopaH xpaHHTCH IIpH TeMIIepaType )KRTROrO a30Ta. 

3aMOpa)KHBaHHE" H)l,epHOH IIOJIJlpH3an;HH ocymecTBJIJleTcH C nOMOlll,hIO peeppH

}l{epaTOpa pacTDOpeHHJI reJ.lliH-3 D remm-4 npM TeMnepaType He BliIIIIC 50 MK. 

I10JIHpH3an;HH npoToHoB :rr.o BeJIH'lHH:bI 6JIH3ROH K e.n;HHHn;e ocymeCTBJIJIeTCJI Me

TO.n;OM .n;HHaMH'leCROH nOJIJIpH3an;HH JI.n;ep npH TeMnepaType 0, 3R. HalJaJIbHaH 

nOJIHpH3aUHJI H peBepc rrpoH3BO,lVITCH B CneUHaJIbH.hIX nOJIIOCH.hIX HaROHe'tIHH

Kax, YCTaHaBmmaeMliIx B MarHHTHOM 3a30pe aHa.Jlll3HpYlOmero MarHKTa. 3a30p 
2Me)K,ny HHMH - 60 MM. CeqeHHe - 250x150 MM (.WnIHR x IIIHpHHa). ITOJIJIPH3YlO

mee MarHHTHoe nOJIe - 25 Rfc, HaI<aqKa IIOJIJIpl13aUHH rrpOH3BO.n;HTCJI reHepaTo

pOM CBL{ Ha qaCTOTe B6ID13K 70 ffn;, Ha6JIIO)l,eHHe H H3MepeHHe IIOJIJIpH3aUHH 

- MeTo,n;OM HMP Ha qaCTOTe 106 Mfu, HCO,lUIOP0,ZJ;HOCTh nOJIJIpH3yl(HuerO 110M 

-2.10-4 . 

B HaCTOJImee npeMJI HaqaTbI pa60TbI no pa3pa6oTKe rrpoeRTa pe¢pHJKepa

Tapa paCTBopCHKH. PceppH}!{epaTOp HMeeT ropH30HTaJIhHYlO npH6mr3HTeJThHO 

IUlIDIH.z:qJHlleCKYlO KOHCTpyKIJ;HlO, lIy'tIOR rrona:rr.aeT Ha MI1IIIeHh lJCpC3 nOJIOCT}, 

B.ZJ:0JI:b OCH pe¢pH)KepaTopa. ITollepellHDIH pa3Mep nOJIOCTH BbI6HpaeCTH C Ylle

rOM KpHBH3HhI TpeKOB B MarHHTHOM nOJIe H pa3MepOB ny"tlKa. IlpHMepHhIe ra

6apHTHhIe pa3MephI: BnOJIb nyl.rKa - 1 M, nonepeK - 0,4 M, .n;IDIHa Hoca - 250 MM, 

.n;HaMeTp Hoca - 60 MM. Pe¢plUKepaTOp cHa6}!{aCTCH yCTpOHCTBOM nepeMemeHHJl 

H3 IIomoCHbIX HaKOHE'l.f.HHKOB B pa6o'tIee nOnO)KE"HHe H 06paTHO. MMelOTCJI nOTO

THllbI RaK COOCTBeHHO pe¢pHJKepaTOpa, TaR H ,l(IDI yCTOHCTB nepeMcn.r,eHlffi [32]. 

IToTepH BpeMeHH Ha peBepc IIOJIpH3aUHH B IIpe)l,eJIax 2 llaCOB. MaKCHMaJIhHOe 

3Ha'tIeHHe IIOJIJIpH3an;HH He xy}l{e 95%, na,n;eH1W nOJIJIpH3an;HH 3a CYTKH - 2-3% 
B nOJIe 10 Rfc. TeXHOJIOrHlleCRaJI cxeMa O}KH)KeHHJI reJIRH-3 co,n;epJKKT o6me

rrpHHJITLIe cTyneHK C reJIHeM-4 np:H 4K Ii lK, pacxo,n; IRIi,ll,RorO re.JI:HJI-4 - 100 
JIICyTRH. B KOHCTpyKI(MH pe<ppHJKepaTOpa npe.rrycMaTpMBaeTCJI KOHTyp O>KM

JR:eHHH 'IHCTOrO Bo.n:opOna III .lleRTep:HJI B pa60"tieM OO'beMe C :U€JIhIO IIoJIYl.IeHHJI 

BO):(OpO,lUIOH 11, COOTBeTCTBeHHO; .n:eHTCpHE'BOit MHIIIeH€H B reoMeTpHH H yCJIO

BWIX IIOJIJIpH3an;:U:OHHoro 3KcIIepHMeHTa. TIpe.l(J'CMaTpHBaCTCJI TaRm€ B03MO}l{

RoeTh '~(p<peKTHBHoH rrOJIJIpH3aUHM .neliTepHpoBaHHbIx cnMpTOB, T.e. C03.ll.aHH€ 

)l,E"HTepHeBoit IIOJIJIpI130BRHHOH !\'IRIIIeHH. 
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MMeeTCJI OCHOBHOe KpliioBaRyMHoe 06opy;n;oBaHHe: JIHIDlH pe.u;HpKyJIHrum 

reJIHJI-3, JIHHHJI 06paTHOrO nOTOKa, a TaKIKe 3JIeKTpOHHhlC ClIICTE'MH: reHepa

TOp CBq, CHCTeMa H3MepeHIDI nOJIHpH3aIl,HH .MJ'T,llO"M Hl\1P. 3TH CHCTeMLl HC

nO.JILSOBamICb B 3KcnepHMeHTax C nOJIHpH30BaHHbIMH npOTOHHhIMH MHIIleIDIMH 

Ha yCKopHTelIe l1T8<I> [22,33,34]. B KpHocTaTax HcnapeHIDI B nponaRJJ;HOJIe 

.n;OCTHranaCb nOJIHpH3a.u;IDI npoToHoB 80%. BaKyyMHoe H KpHoreHHoe o6opy.n;o

BaHHH 3TlIX MHmeHeu pa3MemeHh1 pJl,l(OM C TpexMeTpOB.hlM MurHHTOM. 

6.5 lIIHpoKoanepTyplfhtit tIepeHKOBcKHH C"lfeTtIHK 

BOCbMHRaHaJThlfl':d:i IDHpoKoanepTypHlidi: llepeHKoBcKH~ CtIeT't£HK BbICOKoro 

,naBrreHHH 6hIJI C03.n:aH .D:.IDI 3KcnepHMeHToB C TpeXMeTpOBIiIM MarHllTIffiIM crreK

TpoMeTpoM ,lI.JIJI OT,n;eJIeHHJI nOJIO}KHTeJIbHnIX mlGHOB B IlHOH-HyKJIOHHHX B3aHMO

,neltcTBHJIX B 06JIaCTH 6apHoHHoro o6Mena [35]. qepeHKoBcI<llH .n:eTeKTop pa3

MemeH B cocy;u:e HS HeplliaBeIOI.U;eH CTamr ,l(HaMeTpOM 1,8 M II ,nmmoit 2,15 M. 

Cocy.n: paCCtIHTaH Ha .n:aBneHHe .n:o 7 aTa. Pa,ZJ;HaTop HMeeT .n:JmHy ORono 1,5 M. 

B KalleCTBe .n;eTeRTopoB "tlepeHKOBcKoro M3.rry"tleHHJllICnOlTh3YIOTCJI <I>Y9-63, OTO

6paHHJi[e no pe3YlThTaTaM H3Mepemrli me KBaHTOBOH 3q>cpeKTHBHocTH. XapaKTe

pHCTHKH C"tleT"tlHKa H3y't£eIILI Ha nyliKe OTpHIJ:aTeJIbHbIX llHOHOB C HMnym.coM 4 

r3B/c npH HanOJIIIeHHHyrneKHCJIbIM ra30M UpH 5,26 aTa. ITo pe3YJThTaTaM HC

n:OlTamm: 3<t><t>eKTHBHoCTb c't£eTlIHKa HaXO,z:niTCJI B npe.n:errax 98-99% Ha nJIOm;a.n;H 

O,8xl,4 KB.M B ropH30HTaJThHOM yrJIOBOM ,mrana30He 0,9 pa,n;. TIPH HCnOJIb30

BaHHH q,peoHa-12 UpH 5,5 aTa o6ecue't£HBaeTCJI 3<p<peKTHBHoe ,neTeKTKpoBaHHe 

InroHoB C HMnym.caMH B:bI1IIe 1,5 r9B/c. PaccMaTpHBalOTcH BapllaHTI.r YJIyll

meHIDI xapaKTepHcTHK ClleTlllfRa C .u;elThIO ero HCIIOJIb30BaHRJI ,l(JlJ.I BIiI,l(eJIelmH 

peaKUID'I 7f'+p ---+ K+I;+. 

6.6 CUHHTJIlJIJUlIl;ROHHHe C"tleT"tlHIUI H ro.n:OCKOIIhI. 

,l.(IDI opraHR3a.u;HH TpHrrepa, pa3.n:eJIeIDUI C06:hI.THH no KJIaCCaM, orrpe.n:eJIeHHH 

copTa "tlaCTlIU, MeqeHHH llaCTHIJ; ny"tlKa npe.n.nOJIaraeTCH C03.n:aHHe cneJlYIOmmc 

CHCTeM CIJ,HHTRJI.JIJIUlIOHH1IX C"tleT"tlHKOB: 

- rrYllROBbIe ClleTllHRH )J,JIJf H3MepeHHH HHTCHClIBHOCTJI ny"tlKa H B:or.n:eJIeHIDl 

c.rryqaeB paCcemmJI Ha MmIIeH.H; 

- cerMeIITHpOBaHH:hI.C pa.mraJIbHO-pa3Meru;eHH:DIe ClleT"lflIRH BOKpyr MHllIeHH 

.D:JIH BhI,UeJIeHIDI HeltTpa.1II>IThlX co6bITHi1:, pacna.n;oB HeHTpaJThHbIX lIacnt:IJ; 3a rrpe

.n;eJIaMH MHllleHl1, rpy60H ouemnr lIIi1CJIa DTOPI1:"tlHIllX 3apHJKt>HHHX "tlaCTHIJ" B:hI.
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JIeTaIOmHX li3 MRllIeHlI: 

- CqeTqHKH HMnyJIbCHOrO rO,n:OCROrra B rrpOMe)RyTOl.IHOM epOKyce ny'tfKa .lI.JIJI 

MC"tleHlUI RMrrym,ca l.IaCTHn:&I (JIH60 nponopn;HOHaJThH:&Ie KaMep:hI); 

- CU:KHTHJIlliID;HOHHI.Ie ro.a;OCKOIILl BHyTpH MarHHTa H 3a MarHHTOM C B03MOJR

HOCT:&10 H3MepeHIDi BpeMeHH npOJI€Ta. 

CUHHTHJIIDIIl;lIOHHIJt' C"tleT'tIHRH 6ynyT BKJTIOlJPH:&I B cxeMy 6nrCTpOH. JIOrli

.KH ll;JIJI DLIpa60TIUi CHrHaJIa C'tfHTHBaHlfJI HH<popMaI.l;JUi C .n:peH<poBhLX RaMep. 

OCHOBHaH M.n;eOJIOrlm B opraHH3anHH TpHrrepa - HCnOJll>30BaTL MaJIOe MepTBoe 

BpeMH KaMep H 60JILIIDIe B03MO}JlliOCTR COBpeMeHHLIJC 9BM B yCJIOBIDIX MHrROrO 

TpHrrepa. 

MMelOIIJ;HeCH B Hamr"tlHH Ha 3-x MeTpOBOM cneKTpOMeTpe ro.n:OCKOIIhI C illarOM 

3JIeMCHTOB 7,5 }I 10 CM H IIJIOII.I;a,ll;bIO lxO,5 M2, a TaK>Re BpeMHIIpOJIeTHLIH ro

AOCKOII IIJIOma,ll;bIO 2JxO~7 M2 MoryT 6hITh HCnOJTh30BaHbI Ha HalJaJIbHOM :Harre 

:)KCnepHMeHTa. 

fIpe.n;rrOJIOJRHTeJThHO IIoJIynpoBo;:J;HHKOBlIe KpeMHHeBbIe .a;eTeI<TOpLI MoryT 

6MT:& HCIIOJll>30BaHLI BHyTpH peq>pHlKepaTopa B6.IIH3H BemeCTBa IIOJIHpH30BaH

HOlt MHllIeHH B o6nacTll: lK, 'tITo6:bI 06JIer'lHTI> HaBe,n:eHHe ny'tIKa Ha MHmeHb. 

6.7 GueHRa yCKOpxt:TeJThHOrO BpeMCHH 

IIpHHHMaJI DO BHHMaHHe pe3ymTaTLI aMIIJIHTy:rurHX aHaJIH30B peaKwra 1rp ~ 

l{A(E) B 06JIaCTH paCCeJIHHJI BIIepe,n; [11], yCTaHoBHM .n;onycTMMylO norpcill

HOCTb B H3MepeHHH IIapaMeTpoB IIoBopoTa CIIHHa paBHoH 0,15, B .lUiana30He 

-t = 0,3 - O,5(f3B/c)2, ~t = 0, lO(r:3B/c)2 B 1r-p --+ I{oA IIpH p=4 f3B/c. 

I13MepeHIDI c YI{a3aHHOH TO't{JIOCTLIO II03BOJIHT Ha.ne)KHO BLI,UeJlHTL IIpaBHJILHOe 

p€llIeHHe HJlH 6y,DyT HCIIOJll>30BaHLI ,D;JIH npJIMOrO BOccTaHOBJIeHRJI aMIIJIKTy.z:I; pe

aRIJ;HH. QueHRM B03HHKalOmyIO IIpH 3TOM IIorpeIllHOCTI> B aCMMMeTpHH, H3MC

peHHe KOTOPO}! ocymeCTBJIJIeTCH O,IUIoBpeMeHHo C H3MepeHHeM nOBopoTa cnHHa. 

Y'tfTeM pa3HHUY B Ha6mo.n;aeMnrx CeqeHliJL'C, aKceIITaHcax, napaMeTpax nOJIHpH

3a:U;HoHHoH "tlyBcTBHTeJIDHO eTR. 

LIHCJIO 3apenrcTpHpoBaHHDIX C06LITHH oIIpeJIeJIJIeTCJI DlJpalKeHHeM 

N = (da/dt) . ~Nb' nT ·IT· 6cos8· 21r '1], 

r.n;e (d(J/dt) - epemree 3Hal.IeHHe .z:urcpcpepeHUHaJILHOrO Ce'tfeHHH no ~cos8; N b 

- '"HIerro nUOHOB, rra.n;alOm:HX na MHllICH:b; nj' - TIJlOTHOCTb npoToHoB MHIIIeHl1; IT 
- lI)IllHa :\fHIlH'HH: 0 - )TQ}I paCCt'HHHJI n CMCTfMt' Ut'HTpa l13CC pea'KllHH: I] -

3cPcpeKTHDHOCT:b penrCTpaUMU C06lJTHM. TIapaM€Tp 1] JIBJIHerCJI B CBOJO OlJepe.LJ;h 
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<pyHKI.J;Heit De.pOJITHOCTH pacrra.n;a, reOMeTpHtICCROrO 33XB3Ta, 3epepeKTH13HOCTH 

TpHrTt'pa, 3<pepeKTHBHOCTI'I perKCTpamm, 3¢epeKTlrnHOCTH peKOHCTpYl\UHH CO

6HTKE:. BemeCT130 MHIlICHK - npOnaH)l,IWJI C302HS, iT = 10 CM, HHTeHCH13HOCTh 

nylIRa - 2 . 105 TIHOHOB/c6poc, 'lfHCJIO c6poC013 13 MHHyTy - 20, p~ = 0,3. IIpH 

OD;eHRax HCnOJII,3013aJmCL 3Ha~eHIDI reoMeTpkPlccKoit 3<I><1>eKTK13HoCTH PRc.lO, 

.n;aHHhIe lIO )ll{epepepeHD;HaJILHWI Ce'lfeHIDIM 113 (25]. 06m:aJI 3ep<l>eKTH13HoCTb 

Tlmrrepa, perHcTpaUR:vr H peKoHcTpyKIl;lm C06hITHM IIpHHJITa pa13HOH 0,25. TIo

JIY'laeM 50 pa60'lHX CyTOR llliCToro YCI<opHTeJIbHOrO BpeMeIDI, 13 TetIeHHe RO

Toporo .n;OCTHraeTCH H3MepeHHe ..4LR C rrorpelliHOCTLK> bALR = 2-5% Ha ITJIaTO 

,lI,HepepepeHIl,aaJIliHOrO Ce~eHHJI H A, R - C IIorpelliHocTb1O 0,15, 13 yRa3aHlIHX 

BhIlIIe KHHeMaTHtIeCIDiX IDITepBaJIax. 

,l];aHHaJI pa60Ta JIBJ.UIeTCll nepBIiIM 3TaTIOM B:hIIIOJIHeHIDI mrnUHaTHBHoro npoeR

Ta C O.LJ,HOHMeHHhIM Ha3BaHHeM. ITpoeRT IIo.n:n;epJKaH PcI>cI>l1, ROTOphlli ocyme

CTBJIHeT efO qaCTH1lHoe <pHHaHcRpoBaHHe. ,L(aJIliHeitmee pa3BHTHe IIpoeKTa, 13 

oco6eHHocTH TeXHHtIeCKOe rrpoeRTHpoBaHHe, 3aBifCHT OT CTeneHH <pHHaHcoBoH 

nOMep:>IUGI H, 13 qaCTHOCTH, ,n;IDI OnJIaThI ycnyr CTOpOHHH...X opraHH3an;ltlt. 8TO 

ROHcTpyKTOpCRHe pa60ThI no nOJIJlp:H30BaHHoH MlmreHH, no aHaJIH3HpYlOIIJ;e.trIY 

MarHHTy, no MafHHTo-onTlPIecKoMY RaHaJIY, ITO paclIeTaM H C03,l1;amno rrpOTOTH

nOB ,n;peHepOBI.IX KaMep 1I,n;p. ITo 3aBepmeHHIO TeXHlPIeCROfO npoeKTHp013aHIDI 

MO}l{eT 6HTL .n;aHa 060CHOnaHHaJ:I On;eHKa qnmaHclIpOBaHlfJ:I ,ll,JIJI 13HIIOJIHeHliJI :;)RC

nepHMeHTaJIDHOH npOrpaMMLI B :n;enOM. B CerO,ZJliJIllIHHX ycn013HJJX MOJKHO rpy60 

ou:eHBTL C03,n;aHHe TeXHHtIeCKOrO npoeRTa B 500 MJllI.py6., a C03.n;aUHe yCTaHo13

KH - B 5 MJIP,ll,.py6. Ha CpOR B 3 fo,n;a. IIPH nOM MH oco6oe BHKMaHH:e ~eJIJIeM 

YTKJIH3aUHH HMelOm;erOCJI 06opy.zJ;oBaHIDL MHHHMaJThHOe yCKopHTCJlI>HOe BpeMJI 

- 50 cyToK Ha OTpHIJ;aTeJILHLIX IIHOHax H 50 CyToK Ha IlOJIO)K}fTeJlI>H1lX rmOHax. 

IIpOBe,ll,eHlle 113MepeHHH C YlIeTOM Hana.n;OlIH"hL'C pa60T 3a:MMeT ,ll,Ba ron:a. 
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