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AKTY AJihHOCTb 11 f1P AKTHIJ:ECKA51 3HA t.J:HMOCTb P AEOTbl. 

C03,11am1e ycKop1-nene11 •-IaCTHI.I Ha CBepXBbIC0Klle 3Hepr111f 51BmleTC51 Ba)l<HeHlllllM 

ycn0BlleM ,[IM npoBe,[leH1151 <pyH,[laMeHTanbHbIX llCCne,[IOBaHIIH no <pll3HKe 3neMeHTapHbIX 

qacr111.1. B TO )Ke apeM51, B nocne,[IHHe ,11ecm1rner1151 npocne)KHBaerc51 TeH,11em.11151 ace 6onee 

umpoKoro np11MeHeHH51 ycKop11Tene11 '-laCTHll Ha cpe,11HHe 3HeprHH .z:1n51 perneH1151 

npHKna,[IHbIX 3a,[la'-l, B '-laCTH0CTll B Me,[IHI.\llHe (nyqKOBa51 Tepamrn 3n0Ka'-!eCTBeHHbIX 

onyxonett, Hapa6oTKa PMH0H30T0n0B ,[IM ,[lllarH0CTHKH ll pa,!IHOTepanHH), B 51,!lepHOH 

3HepreTHKe (pa3pa60TKa 3neKTp051,!1epHblX peaKTop0B, ynpaBn51eMbIX ycK0pHTeMMH, 

ycTaH0BKII ,[IM rpaHCMyra1111u ,[I0nfO)KllBYlIIHX HYKnll,[10B B BbIC0K0aKTHBHbIX OTXO,[lax) ll 

T. ,[I. y CK0pHTenH '-!aCTllll Ha cpe,!IHHe 3HeprHH CTaH0B5ITC51 B 6onhrnei1 CTeneHH 

o6beKTaMII Hap0,!1HO-X035IHCTBeHHOro, He)Kenu Hay'-IH0ro Ha3Ha'-leHll51. Me,[IHllllHCKlle 

YCK0pHTenH BCe 'fall.le BX0MT B C0CTaB KnllHH'-leCKllX K0MnneKC0B, pacnono)KeHHbIX B 

ryCT0HaceneHHblX rop0,!ICKHX pattoHax. ,[(.rm perneHH51 3a.z:1aq B ccpepe 51.z:1epH011 

3HepreTHKll He06XO,[lllMbl ycK0pHTenH np0T0H0B C T0KaMH ,[10 C0TeH MA. O'-leBH,[IHO, '-ITO 

C03,[laHHe no,1106Hb!X ycKOpHTenei1 rpe6yer Ha,[le)KHOH pa,11ua11HOHHOH 3all.\l1Tbl II 

Tll.\aTenbHOH pa3pa60TKll Cl!CTeM pa,11ua11HOHHOH 6e3onaCHOCTH. 

Y CK0pHTenH T5J.)KenbIX penmHBllCTCKHX 51,!lep 51BMIOTC51 llHTeHCIIBH0 

pa3BIIBaIOll.\llMC51 llHCTpyMeHT0M pen51THBHCTCKOH 51,!lepHOH <pll3l1Kll. PerneHHe 3a.z:1aq 

<pll311Kll 3all.\HTbl Ha 3THX ycK0pHTen51X l!MeeT p51,!1 cne1111cp11qecKHX npo6neM. y CKop,nenH 

51,!lep TaK)Ke y,1106Hbl ,[ln51 ll3y'-leH1151 pa,11Ho6uonorn'-leCKHX 3<p<peKroB OT '-laCTllll C 

nuHettHOH nepe,11aqe11 3HeprHH (JII13) OT ,11one11 ,110 TbIC51'-1 K3BIMKM n no3B0MIOT 

M0,[lenupoBaTb B 3eMHblX ycn0BH51X non51 ll3ny'-leHHH, cpopvrnpyeMbie ranaKTH'-leCKllM 

K0CMH'-leCKHM _ll3nyqeHHeM (rKH) Ha 6opry 0K0n03eMHblX H Me)KnnaHeTHblX annapaT0B. 

Il03TOMY pa3BHTHe llCCne,[IOBaHHH B o6naCTll <pll3llKH 3all.\l1Tbl ll ,[103HMeTpHH Ha 

ycK0pHTeMX npoT0H0B Ha cpe,!IHHe 3Heprllll ll Ha ycK0pHTeMX T5J.)KenbIX 51,!lep, 

HeC0MHeHH0, aKTYanbH0 KaK C HayqHOH, TaK If C npaKTH'-!eCKOH T0'-IKH 3pemrn. 

3Ha'-IHMOCTb llCCne,[IOBaHHH B o6naCTH <pll3l1Klf 3all.\11Tbl ll ,[103llMeTplllf Ha 

ycK0pHTemIX o6ycnoaneHa noCT05IHHblM y)KeCT0'-leHHeM pamrnllll0HH0f0 H0pMHp0BaHirn. 

lfa-3a cyll.leCTBeHH0 6onbrnei1 cn0)KH0CTll If pa3H006pa31151 nonett H3nyqeHH51 Ha 

ycK0pHTemIX no cpaBHeHIIIO C pa,11HaI1H0HHblMll n0MMll 3a 3all.\HTOH peaKTopoB, 3HaHHe 

HX 3HepreTH'-!eCK0f0 ll K0Mn0HeHTH0ro C0CTaBa 51Bn5leTC51 Heo6XO,[lllMblM ycn0BHeM 

a,11eKBaTH0CTH pa,11ua11H0HH0f0 K0HTP0M Ha ycK0pHTemIX. ,lwyra51 Ba)l(Ha51 3a.z:1aqa 

°'"~' C HOOfiXOllHMO=,O prTh··• d"U~;;;;;;;Hpo,aHH":' ]pttfiopos H •=nos 
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ll3Mepemrn xapaKTepttCTHK nonej:j Ha ycKop1rreJU1X, a TaKlKC C COBepweHCTBOBaHHCM 

CHCTCMbl MeTpOJJOrH'iCCKoro 06ecne11emrn cpeACTB pMHaUHOHHOro KOHTpom,, 

npuMeID!eMbIX Ha YCKOpHTemix, noCKOJlbKY 60JJblllllHCTBO np0113B0AHMblX A03HMeTp0B II 

PMHOMeTpOB optteHTHpOBaHO Ha pa6ory B nomix ll3Jly'ieHHH Ha npeAnpID!TIDIX·aTOMHOH 

:rnepreTHKH. OAHHM ll3 nYTeH MeTpOJJOrH'iCCKOH nOMeplKKH paAHaUHOHHOro K0HTPOJUI 

Ha YCKOpHTemix llBJllleTCll C03AaH11e Ha6opoB onopHbIX noneii HCHTPOHOB Ha OCHOBe KaK 

ll30TOnHblX HCTO'iHHKOB, TaK ll peanbHO cyiueCTBYJOIUHX Ha yCTaHOBKax nonej:j 

H3JlY'iCHH». 

1--IccneAOBaHHe 3aKOHOMepHOCTeH ¢opMttpoBaHu» noneii BTOpH'iHOro ll 

paccel!HHOrO ll3RyqCHlill BalKHO AJlll nporH03HpOBaHu» paAHaUHOHHOH o6CTaHOBKll Ha 

npoeKTttpyeMbIX YCKOPIITCJUIX ll 3KCnepttMCHTMbHblX yc-raHOBKax. 3-roj:j uen11 cnyJKaT 

6a30Bbie 3KCnepHMCHTbl no ¢tt3l1Ke 3aIUHTbl, rrpeAHa3Ha'iCHHbie AJUI rrpoBepKH MeTOAOB 

pac11eTa TPaHcrropTa ll3JJY'iCHHll B BCJUCCTBe. 

QEJib P AEOTbl 

OcHOBHa» UCJlb HaCTOl!IUCH pa6oTbl 3aKnIO'ianacb B IIOBbllllCHHH MCKBaTHOCTH 

paAHaUHOHHOro KOHTPOJUI Ha ACHCTBYJOJUHX ycKOpHTCJlllX rrpOT0HOB 11 llACP Ha cpeAHHe 

(AO HCCKOJlbKHX r3B/HyKnoH) 3Heprnu ll AOCTOBepHOCTH rrporH03HpoBaHu» 

paAHaUHOHHOH o6CTaHOBKH Ha rrpoeKTupyeMbIX yCKOpHTemix ll 3KCrrepttMCHTMbHbIX 

yc-raHOBKax flYTCM: a) noCTaHOBKH 6a30Bb!X 3Kcrrep11MeHTOB AAA H3yqeHu» MeXaHH3MOB 

¢opMHPOBaHHll rroneii BTOpH'iHOro (H3 MHllleHett) H pacce»HHOro (3a 3aIUHTaMn) 

ll3JJyqCHIIH Ha ycKopnTemix ll AJlll IIOJlHOMaCwTa6HOH npoBepKH paC'ieTHbIX MeTOAOB 

¢11311KII 3aIUIITbI; 6) HCCJJeAOBaHllll xapaKTepllCTHK peanbHbIX rroneii 113RyqeHHH Ha 

ycKopnTeJUix; B) C03AaHH» orropHbIX rroneii HCHTPOHOB Ha 6a3e ll30TOIIHbIX IICTO'iHHKOB 

11 rroneii tt3nyqeH11tt Ha ycKopnTen»x; r) 11ccneA0BaHttii peaKu11ii np116op0B II MeTOAHK 

paAllaUIIOHHOro KOHTPOJUI B onopHbIX nomix II HX rpaey11pOBKH; A) pa3pa60TKII 

cneunann311poBaHHblX MeTOAHK H cpeACTB paAHOMeTpHII 113JJyqeHIIH, B TOM 'illCJJe, 

npei\Ha3Ha11eHHbl?( 11 AAA pa60Tb1 B oco6bIX ycnoBu»X. CTPYKTYPHa» cxeMa II CB~3n 

'iaCTHbIX 3aAaq npeACTaBJJCHbl Ha pnc. 1. .ll:OCTHlKCHHe noCTaBJJCHHOH uen11 B03MOlKHO 

np11 peweHIIII BCero KOMnJJeKca B3allMOCBll3aHHbIX 3aAa'i, nocneAOBaTeJJbHO 

paCCMOTpeHHblX B AIICCepTal(HH (3a IICKnlOqeHIICM pacqeTHbIX MeTOAOB ¢11311KII 3aJUHTbI). 

B HaCTOllIUCH pa6oTe H3yqalOTCll non» 110Hll3HPYJOIUHX H3RyqCHHH, 

reHepnpyeMbie npH pa6oTe ycKOpHTeneii TlllKCJlbIX 3ap»lKCHHbIX 11ac-rnu C HMnyJJbCOM Ha 

HyKnoH OT I AO 10 r3B/c. IloJUI n3ny11eHnii Ha ycKopmen»x ¢opMttpyioTc» 3a cqeT 
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B3al!MOAeHCTBllll ycKopettttblX 3apl!lKCHHb!X qacn1u C K0HCTPYKUHOHHblMH ,cleTaJJl!Mll, 

¢H311'1CCKHMH MHlllCHl!MH H 3aIUl!TaMH, II OTJ111qalOTCll 3HaquTCJlbHblM pa3H006pa3HCM, 

CJJO)KH0CTblO KOMnottettTH0ro II cneKTpanbtt0ro C0CTaBa. TeMa AHCcepTau1111 CBll3atta C 

I Patil-10M8Tp1-151 HYKllOHOB B no11,1x 

I H311Y'-18Hl-1H Ha ycKOpl-1TeJ151X 

11 i 17 

Pa3pa5oTKa H yco- ~ v13MepeHl-151 HHTerpahbHblX v13MepeHv1v1,1 AvlqxpepeH-

BepweHCTBOBaH~e ~ xapaKTep1-1crnK nonei1 H311yYeH~i1 f~ ljHaJlbHb\X xapaKTep1-1crnK 

M8TOAOB H cpeACTB nonei1 1-1311yYeH1-1fi 

p.3A1-10MeTp1-1~ 7 t 
'(, , 'f + v w ,, 

~ 
nocrnHOBKa 6a30Bb\X vlccneA0BaH1-1,1 I OnopHb1e n~n,1 

CosepweHcTBo- 3KcnepHMSH10B no peanbHblX nonei1 1-13nyYeH1-11-1 
BaHl-18 M8TOAOB H qll-131--\Ke 3alJ.\l-1Tbl 

~ 

H311Y'-18HHi1 Ha 
nporpaMM paCYern ,~ ycKop1-1Temix 

rpaHcnoprn 

l-13J1Y48HH51 B v13Y48Hl-18 MeXaHH3-

B8LJ.\8CTB8 ~ MOB cj)opM1-1poBaH,1,l 

nonei1 1-13nyYeHHi1 

"' 
,, 

CJ71-1'-18HH8 r paAyHpOBKa cpeACTB 
KoppeKrnpoBKa A2H-

♦ 
npH6opos 1-1 Patil-1aljl-10HHOro 

Hb\X 30HHOro, one- M8TOAOB KOHTpon,1 
parnBHOro H HHAH- P.3AH21.jl-10HHO-
Bl-1AY211bHOro A03H- ro KOHTpon,1 

MeTpHYeCKOro ~ 
KOHTpon,1 

v· ~ ~!r 
,, 

nporH03HpOBaHHe noBb\W8HH8 .3A8KB2TH0Cn1 p.3AH21.jl-10HHOfO KOHTp0/151 Ha 

PativlaljvlOHHOH o6CTaHOBKH 11 ycKOpv1TeJ151X I 
Puc. 1. CTPYKTYPHa» cxeMa pewemrn 3Maq c uenb!O n0BbllllettHll aACKBaTHOCTH 

PMllaUH0HH0ro K0HTPOJJll II A0CT0Beptt0CTH nporno311p0BaH1rn paA11au110HHOH 

o6CTaHOBKH Ha ycK0pHTCJUIX. 

paAIIOMeTpneii IIOJleH BT0p11qHoro II paccelltttt0ro 113nyqettHH II IICCJJCA0BaHIICM IIX 

xapaKTepHCTIIK, T. e., B lllllp0K0M CMblCJJe, C 113MepeHIICM ¢moeHCOB pa3JJllqHb!X 

K0MTI0HCHT noneii <l>i II HX np0113B0AHbIX BCJJHqlJH <l>;(r), <l>;(r, E), <l>i(r, Q), <l>;(r, E, Q), 

a TaKlKe C pa3pa60TKOH rrpu6opoB H MeT0AIIK AJUI BblTI0JJHCHlill 3THX 113MepeHIIH. 3ttam1e 

3HepreT11qeCKHX ¢moettCOB K0MII0HeHT TI0JJSI tteo6xOAHMO AJJll AOCTOBepttOH 0UCHKII 

3KBIIBMCHTHOH H nornoiuettHOH A03bl H3JJyqCH!rn. 
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B Alf CCEPT A1Uil1 3AJJU11l(AIOTCJI: 

I. BbmOJIHCHHbie 6a30Bble 3KCnepnMCHTbl no IICCJICLIOBaHmO xapaKTepHCTIIK noneii 

BTOpnqHoro 113JiyqeHJUI: 

a) Ha CIIHXpO<pa30TPOHe Jla6oparnp1111 Bb!COKIIX 3Heprnii OIUIH np11 o6nyqeHIIII 

TOJICTbIX MCLIHOH II CBIIHI.\OBOH MIIIIICHeii »L1paM11 
12

C C 3Heprneii 3,65 

r3BIHyKJIOH C l.\CJiblO nonyqeHIIH IICXOLIHbIX L1aHHbIX LIM nporH0311pOBaHHH 

pan11a1.1110HHOH o6cTaHOBKII Ha ycKopnTeJIHX peJIHTIIBIICTCKIIX »L1ep; 

6) Ha cpa30TPOHe Jla6oparnpm1 »L1epHbIX npo6neM OIUIH npn 06nyqeH1111 

npoT0HaM11 c 3Heprneii 650 M3B TOJICToii ca11H1.1oaoii M111IIeH11, 11M11T11pyromeii 

cepL1eqH11K nOAKPIITllqecKoii c6opK11, C l.\CJiblO nonyqeHHH IICXO,[IHblX L1aHHbIX LIM 

npoeKT11poaaH11» yCTaHOBKII II 01.\CHKII ee napaMCTPOB; 

2. BbinOJIHCHHbie 6a30Bbie 3KCnepnMeHTbl no IICCJICLIOBaHIIlO noneii pacce»HHOro 

113JiyqeHIIH LIM npoaepKII MeT0,[10B pacqeTa 3all.\llTbI: 

a) 3a CnJIOlIIHOH 2-x MeTpoaoii 3all.\llTOH <pll30TPOHa Jia6opaTOp1111 HLICPHbIX 

npo6neM OIUIH a AByx reOMCTPIUIX (HenocpeL1CTBeHHoe 06nyqeHI1e 3am11Tb1 

nyqKOM npOTOHOB C 3Heprneii 640 M3B II 06nyqeH11e ee BTOpnqHblM 113JiyqCHIICM 

113 TOJICTOH MC,[IHOH MHlIICHII, 60M6ap,[111pyeMOH ITyqKOM npOTOHOB TOH JKe 3Heprnn); 

6) 3a cnJIOlIIHOH 2-x MCTPOBOH 3all.\llTOH KaHana 6B C11HXpO<pa30TpOHa 

Jla6oparnp1111 ab1CoK11x 3Heprnli OIUIH npn 06nyqeH1111 ee nyqKoM »L1ep 
12

C c 

3Heprneli 3,65 faB/HyKJioH; 

3. I-IccneL1oaaHHb1e 3aKOHOMepHocTn cpopMnpoaaHHH noneli pacce»HHoro 113nyqeH1151, 3a 

3ammaM11 <pa30TpOHa Jla6oparnp1111 »L1epHbIX npo6neM II CIIHXpO<pa30TPOHa 

Jia6opaTop1111 BbICOKIIX 3Heprnli OIUIH Ha ITyqKax peJIHTIIBIICTCKllX npOTOHOB, »L1ep 

' 
4
He, 

12
C B pa3JillqHbIX reOMCTPIIHX IICTOqHIIK - 3all.\11Ta; 

4. Co3,[laHne f\a6opa onopHbIX noneli HCHTPOHOB LIM 1.1eneli MCTPOJiornqecKoro 

o6ecneqeHHH pan11a1.1110HHOro KOHTPOJIH Ha YCKOPIITCJIHX Ha OCHOBe 1130TOTIHOro 

IICTOqH11Ka 
252

Cf B pa3JillqHbIX 3aMCLIJIIITCJIHX II peanbHbIX noneli pacce»HHOro 

113nyqeH11» Ha cpa30TPOHe Jia6opaTop1111 »L1epHbIX.npo6neM ("M»rKoro" non» a 

na611p11HTe l.\OKOJibHOro 3TaJKa <pll30TPOHa II "JKeCTKOro" nOJIH Ha o6aanoaKe 

<pa30TPOHa 3a 2-x MCTPOBOH 3ammoli); 

5. PaJBIITIIC MeTOLIOB CTICKTPOMCTPIIII HCHTPOHHOro KOMTIOHeHTa noneli BTOpnqHoro 

ll3JiyqeHHH 113 TOJICTbIX MlllIICHCH (MeTO,[IOM apeMCHII nponeTa II MHOroccpepHOH 

MeTOLIIIKOH); 
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6. Pa3BHTHe MeT0,[10B cneKTPOMCTPIIII 3ap»JKCHHOro ll HCHTpOHHOro KOMnOHCHTOB noneii 

pacce»HHoro mnyqe11n» 3a 3am1naM11 ycKopnTeneii (dE/dx- cneKrpOMCTP npoTOHOB, 

11,rnoroccpepHblH cneKTpOMCTP ), a TaKJKe C03,[laHne HOBOro np116opa AAA 113MepeHIIH 

cneKTPa, cpmoettca II Ll03bl HeiiTpOHOB Bb!COKIIX 3Hepn1ii B TIOJIHX pacce»HHOro 

113JiyqeHJUI; 

7. Pa3pa60TKa ,[laTqllKOB LIM paL1HOMCTPIIII HCHTpOHOB B 3KCTPCMaJibHbIX ycnOBIIHX 

(aKTIIBHbIH ,[laTqllK Ha OCHOBe aKTHBal.\HOI_IHOro LleTCKTOpa LIJIH pernCTpa1.11111 

TepMOHLICPHbIX HeiiTpOHOB II L1aTqllK Ha OCHOBe KOpOHHbIX cqeTqllKOB LIJIH 

HenpepbIBHOl'O KOHTPOJIH HepacnpoCTpaHeHirn ,[ICJIHII.\IIXCH MaTepnanoa); 

8. Pa3pa6oTKa cp11311qecKoro o6ecneqeHirn pa,ll1106110.'lon1qecK11x 3Kcnep11Me1-1Toa 1-1a 

nyqKax »Aep HyKJioTpoHa Jla6opaTop1111 BbICOKIIX 3Heprnli OIUIH. 

HAY1IHAfJ HOBI-I3HA 

OOJiblIIIIHCTBO BbIITOJIHCHHblX IICCJIC,[IOBaHHii IIMCJIII HeCOMHCIIHblH np11op11TeT Ha 

MOMCHT IIX npOBCLICHIIH. Mnonie pe3yJibTaTbl OCTalOTCH C,[IIIHCTBCIIHbIMII ,[10 HaCTO»mero 

apeMCHII. 3TO KacaeTCH, B nepByro oqepeL1b, L1aHHbIX nOJIHOMacuna6HblX 3KCnepnMeHTOB 

no ql11311Ke 3all.\11Tbl Ha nyqKax npoTOHOB 11 »L1ep, HCCJICLIOBaHHH cneKTPaJibHb!X II 

yrnOBblX pacnpeL1C.'lCHIIH 3ap»JKCHHOro KOMTIOHCHTa noneli 113JiyqeHHH 3a Jam11TaM11, 

HCCJICL10BaH11ii BblXOLIOB 3ap»JKeHHbIX qacn11.1 II cneKTpoa HCHTpOHOB 113 TOJICTbIX 

MHIIICHeH, o6nyqaeMbIX peJIHTHBIICTCKIIMII »L1paM11, onopHbIX noneii HeHTPOHOB Ha 

OCIIOBe ycKOpHTCJIH npOTOHOB. C03,[laH HOBblH Tlln np116opa LIJIH H3MepeHIU! cneKTPa, 

<pnlOeHca 11 ,[103bl HeHTpOHOB Bb!COKOH 3Heprnn, C nOMOil.\blO KOToporo, B qacTHOCTII, 

6hIJia 113Mepena BblCOK03HepreT11qecKM qaCTb cneKTpa KOCMHqecKHX neiiTpOHOB B 

OKpyJKalOm~ii cpe,lle. Pa3pa60TaHbl II MO,llll<plll.lllPOBaHbl 3KCnepnMeHTaJibHblC MeTO,[IIIKII 

LIM paL1IIOMCTPIIII 3ap»JKCHHOro II HeHTPaJibHOro KOMnOHCHTOB noneli BTOp111rnoro 11 

pacce»HHOro H3JiyqeHIIH, B TOM q11cne, ,[IJIH pa60Tbl B oco6bIX ycJIOBHHX. C03,[laHa 

MeTOLIIIKa L10311MeTp1111 rryqKOB THJKCJiblX H,llep LIJIH pa,ll110611onor11qecKIIX 3KCnepnMCHTOB. 

3KcnepnMeHTaJibHbie IICCJICLIOBaHHH BbIITOJIHeHbl aBTOpOM Ha H,llepHO-<pll3HqecKHX 

yCTaHOBKax OIUIH a COOTBeTCTBIIII c nJiaHaMII HayqHbIX pa6oT II HBJIHIOTCH nornqecKIIM 

pa3BIITIICM KaHL1HL1aTCKOH LIIICCepTa1.11111 aaTopa, 3am11meHHOH B 1986 r. Ha TeMy: 

"3Kcnep11MCHTaJibHble IICCJIC,[IOBaHHH ,[lll<p<pepeHl.\llaJibHhlX xapaKTepHCTIIK noneli 

HYKJIOHOB BhICOKOH 3Heprn11 Ha c1rnxpo1.111KJIOTPOHe II cnHxpocpa3oTpoHe OI-IJII-I". ABTOP 

cqmaeT onpeL1CJIHlOII.\IIM CBOe yqaCT11e BO acex pa6oTax, noJIOJKeHHhIX B OCHOBY 
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HaCTO.HUlett JJ,HCCepTal..lHH. 

AIIPOEAIJ,IDI P AliOThl 

OcHOBHbie pe3yJibTaTbl pa6oT, noJI0)KeHHbIX B 0CH0BY JJ,IICCepTa1..11111, 

ony6nHKOBaHbl B ~Hanax "ATOMHM 3Hepr11.H", "Ilp116opb1 II TeXHHKa 3KCnep11MeHTa", 

"Radiation Protection Dosimetry", "Radiation Measurements", "Kemenergy" H 

JJ.0KnaJJ,blBMIICb Ha ceMHHapax n0JJ,CeKLIHH "Pa;:ina1..1HOHHM 3aUIHTa H pa6oTa B ycnOBIUIX 

BbICOKHX ypOBHeH HOHH3Hpyiomero ll3JIY'1eHH.!I" npn COBeTe no npo6neMaM ycKopeHH.!I 

3ap»)KeHHbIX '1aCTHI..I AH CCCP, Ha HeCKOJibKHX BcecOI03HbIX coBemamrnx no 

ycKop1rreAAM '1aCTHI..I, Ha Me)KeyHapOJJ.HbIX 3HMIIHX lllK0Jiax no qJH3HKe 3alllHTbl OT 

H3nyqeHHH (rW), Ha 17-M Me)KJJ.YHapOJJ.HOM CHMno3nyMe no qJH3HKe paJJ,na1..1no1111ott 

3alllHTbl 0:WeJJJ.eH, 1985), Ha 9-M Me)K}J,yHapOJJ.HOM KOHrpecce no paJJ,na1..1HOHHOH 3alllHTe 

(IRP A, Be11a, 1996), Ha XIII KoH¢epe111..111n no ycKopHTeAAM 3ap»)KeHHbIX qacrn1..1 

(RUPAC-2002, O6HHHCK, 2002), Ha II Me)l(JJ.yHapoJJ.HOM c0Bema11n11 (COSPAR 

Colloquium) "PaJJ,11a1..1no1111a.H 6eJonacHOCTb nnnoTnpyeMoro noneTa K Mapcy" (,lfy611a, 

2003). 

,l],11ccepTaL1ll.!I COCTOHT H3 BBeJJ,eHH.!I, 6 rnaB II CnHCKa JIHTeparypbl 113 225 

HaHMeHOBaHHH. B JJ.HCcepTal..lHH COJJ,ep)KHTC.!I 115 pncyHKOB 11 rpaqJIIKOB n 16 rn6nn1..1. 

O6lllHH o6beM pa60Tbl 238 CTp. 

OCHOBHOE CO,ll,EP)KAHlffi P AliOThl 

Bo BBeJJ,eHIUI 06oc110BaHbl aKryanbHOCTb TeMbl, ee 3Ha'1HMOCTb, 1..1enb H 3aJJ,a'1H 

HCCJieJJ,OBaJIHH. B KpaTKOH ¢opMe JJ,aHa o6llla.H xapaKTepnCTHKa npo6neM, OTHOC.!llllHXC.!I' 

K TeMe JJ,HCCepTa1..11111, npoaHanH3HpOBaHbl nOJJ,X0JJ,bl K HX pellleHHIO, 06oc110BaHa HOBH3Ha 

ll npaKTn'1eCKa.H 1..1eHHOCTb pa60Tbl, c¢OPMYJIHpOBallbl OCH0BllbJe nOJI0)KeHll.!I, BbIHOCl!Mbie 

11a3amnry. 

B rJiaBe 1 onncaHbl 3KCnepnMeHTaJibHbie HCCJieJJ,0BaHH.!I JJ.HqJqJepe111..111anbHblX 

xapaKTepl!CTIIK nonett BT0pH4H0ro 113nyqemrn B0Kpyr T0JICTblX MHIIIeHett, o6nyqaeMbIX. 

BbICOK03HepreTH'1llbIMII np0T0HaMH II .!!JJ,paMH. IIony'1eHHe 1rn¢opMa1..11111 06 IICT0'1HHKax 

BT0pH4H0ro H3JIY'1eHll.!I, o6pa3yeMblX '1aCTHL1aMH npn ycKope111111 II.Jill TpaHcnopTnpye

MbIMII TiyqKaMH '1aCTll'--I npH B3all.l,IOJJ,eHCTBHII C JJ.eTM.!!Mll ycKopHTeAA IIJIH MHllleH.HMH, 

.!IBAAeTC.!I nepB004epeJJ,HOH 3aJJ,a'1ett qJ11311Kl1 3allll!Tbl. B 3KCnep11Me11Tax no qJH3HKe 

3aIIIHTbl 11cn0Jib3yKlTC.!I T0JICTbie MHIIIeHH (MOJJ,eJIHPYJOlllHe peanbHbie c11rya1..11111 Bb!CaJJ,KH 

llyqK0B Ha JJ,eTan.HX ycKop1rreAA), B K0T0pbIX npoHCX0JJ,IIT npo1..1ecc MH0roKpaTHbIX, 

6 

CTaTHCTH'1eCKl1 He3aBl!Cl!MblX aKTOB B3aHMOJJ,ettCTBH.!I '1aCTHLI C .!!JJ,paMH BellleCTBa. 

IloH.HTne "TOJICTM" MHIIIeHb OTH0CHTeJibH0 II 3aBHCHT OT 311epr1111 nepBH'1llblX '1aCTHL1. B 

JJ,aHHOH pa6oTe noJJ, TOJICTOH MHIIIeHblO noJJ,pa3yMeBaeTC.!I Ml!llleHb, B ¢opMnpoBaHHH 

noAA BTOpH4H0ro 113ny4eHll.!I B0Kpyr KOTOpott cyllleCTBeHHYIO p0Jib nrpaeT Me)Kb.HJJ,epHbIH 

KaCKaJJ,, IIJIII MHIIIeHb, T0JIUIHHa KOTOpOH cpaBHHMa C H0HH3al..1110HHblM npo6eroM 

nepB11'111blX '1aCTHI..I. 3Kcnep11MeHTanbHbie JJ,aHHbie Ci JJ,BOHHblX JJ.H¢¢epeHL1IIMbllblX 

xapaKTep11CTHKax nonett BT0p114H0ro 113nyqeHH.!I 113 T0JICTblX MHllleHett orpaHH'1eHbl II 

6ecc11CTeMHbl. K T0MY )Ke, B He60JibIIIOM '1HCJie noCTaBJieHHblX 3KCnepnMeHT0B 'faille 

BCero IICCJieJJ,0Banacb 3ap.H)KeHHa.H K0Mn0HeHTa TI0AA BT0pH4H0ro H3ny4eHll.!I 113 

MHIIIeHeH, o6nyqaeMbIX np0T0HHblMII TiyqKaMH. ,ll,aHHbie 0 pa3BHTHII Me)Kb.!IJJ,ep11oro 

KaCKaJJ,a, llllll'--1HHpoBa1111oro B T0JICTbIX Ml!IIIeH.HX T.!l)KeJib!Mll pen.HTHBHCTCKIIMH .!!JJ,paMH, 

npaKTH'1eCKII 0TCYTCTBYJOT JJ,0 HaCTO.Hlllero BpeMeHH. 

C03JJ,aH11e ycKOpHTenett· T.!l)KeJiblX peAATIIBHCTCKHX .HJJ,ep CTHMynnpoBano 

noCTaH0BKY I..IHKna 3KCnep11MeHTMbllblX HCCJieJJ,OBaHHH no 113yqeHl!lO MexaHH3M0B 

¢opMHpOBaHll.!I nonett 3ap.H)KeHH0ro 11 HeHTpOHHOro K0MTI0HeHT0B B0Kpyr T0JICTbIX 

CBHHI..IOBOH 11 MeJJ,HOH MHIIIeHH, o6nyqaeMblX np0T0HaMH, .!!JJ,paMH 
4
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o6nyqaeMott nyqK0M »JJ.ep 
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C c 3neprneii: 

3,65 faB/ttyKnOH. 



3,65 r3B/HyKJIOH. bblJUI Bbin0JJHeHbl cpaBHIITeJJbHbJe IICCJJeA0BaHllil yrnoBbIX 

pacnpeAeJJeH11ii BbIX0A0B 3apHJKeHHbIX 'laCTHI.-1 113 MllllleHeii II 113MepeHbl cneKTJ)aJJbH0-

yrnoBbJe pacnpeAeJJeHllil HeiirpoHOB c 3Heprneii 6onee 10 M3B (p11c. 2, 3). M11llleH11 

npeACTaBAAJIII co6oii I.-IIIJIIIHApbl AllaMerp0M 10 CM II TOJlll.lllHOii no nyqicy 116;5 r/cM
2 

(Cu-M11llleHb) 11 197,2 r/c~.i2 (Pb-M11llleHb). A.rm 113Mepettllil cneKTJ)0B 11eiirpoHoB fam 

C03AaH cne1<Tp0Merp no BpeMeH11 nponera c rp11rrepoM OT KaJKAoro na,11aJ0111ero Ha 

MllllleHb HApa. A.rm yqera BKJia,lla Q)OHOBOro H3JJY'leHllil B annaparypHblll cnel<Tp 

Bbin0JJHHJJIICb pa3H0CTHbie ll3MepeHllil C TeHeBbIM nornonrreJJeM, pa3Me111aeMbIM MelK,lly 

MllllleHblO II AeTeKTopoM HeiirpOHOB. 

HopM11poBaHHbie Ha 0AHY qacrmzy nyqKa yrnoBbie pacnpeAeJJeHllil B YKa3aHH0M 

Allana30He yrnoB B npeAeJJax norpelIIHOCTeii ll3MepeHllii annp0KCIIMIIPYJOTCH 

3aB11c11M0CTbJO dN ;_; ( 0) / dn = m ;_; • exp( -13 i • 0 ), rAe m;J - HOpM11poBO'IHb1ii K03Q)Qlll-

1.-111e11T; 0- yron ornocllTeJJbH0 11anpaBJJeHllil nyqia (pa,11); PJ- yrnoaoii napaMerp (paA.
1
); 

i, j - Tllnbl HApa-cHapHAa II MllllleHII C00TBeTCTBeHH0. bblJJO ycraH0BJJeHo, 'ITO AAA He 

CJJlllIIK0M MaCCIIBHblX (ycKop11TeJJbHbIX) Mllllletteii Q)OpMa yrnoBbIX pacnpeAeJJe1111ii 

BT0pll'IHbIX 'laCTIIQ cna6o 3aBIIClIT KaK OT MaCCbl II 3Hepr1111 nepBll'IHblX 'laCTIII.-1, TaK OT 

aT0MH0ro 'Beca MaTepnana MllllleHII. OTHOIIleHllil JKe BbIX0A0B BT0pll'IHbIX 'laCTIIQ 113 

T0JJCTbIX Mllllletteii onpeAeAAJOTCH, rnaBHbIM o6pa30M, A;. Pa3BIITl!e KaCKa,lla BT0p11'1HblX 

'laCTIIQ B Macce Bell.leCTBa n0A AeiiCTBlleM BbIC0K03HepreTll'IHblX HAep, IIMeeT PHA 

oco6eHHOCTeii no cpaBHeHIIIO C KaCKaA0M, IIHIII.-11111poBaHH0M np0T0HaMII. B cne1<TpaX 

BT0Pll'IHbIX Heiirpo110B 11a6JJJOAaeTcH xapaKTep11b1ii pe3Kllii n0AbeM B 06nacr11 311epd1ii 

Mettee 20-25 M3B, COOTBeTCTBYJOl.llllll paBHOBeCHOii CTaAIIII npo1-1ecca 11cnapeHlli1 'laCTIII.-1 

113 B036YJK,lleHHbIX HAep-K0MnayHA0B. 3Ta 'laCTb cne1<Tpa npaKTll'leCKII 1130rp0nHa. 

IIpeApaBHOBeCHaH II KaCKa,!IHaH qaCTII cne1<Tpa 11MeJOT cy111eCTBeHttyJO yrnoByJO 

3aBIICIIM0CTb. 

Pe3YJJbTaTbl AaHHbIX IICCJJeAOBaH11ii 6bIJJII 11cn0JJb30BaHbl np11 npoeKT11poaa111111 

HyKJiorpoHa OJUIM, a TaKJKe AAA npoBepK11 nporpaMM rpaHcnopra B Be111ecrae qacr111.-1, 

re11ep11pyeMbIX npoToHaMII II HApaMII BbIC0KHX 3Heprnii. 

C03Aatt11e 3JJeKTJ)0HAepHbIX ycraH0B0K, ynpaBAAeMblX ycKop11TeneM, 

npeAn0JJaraer 06JJY'leH11e n0AKPIITll'leCKHX 6naHKeTOB HeiirpoHaMII, re11ep11pyeMbIMII B 

MllllleHII ITyqK0M np0T0H0B C 3Hepr11eii 0,5-1 r3B. A.rm pa3MH0JKeHHH HeiirpOHOB 

IICn0JJb3YJOTCH MaCCIIBHbie MllllleHII 113 THJKeJJblX MaTepllaJJ0B. IIpoeKT11pyeMaH B OJUIM 

Ha 6a3e Q)a30rpOHa C 3Heprneii np0T0H0B 660 M3B 3Kcnep11MeHTaJJbHaH 3JJeKTJ)0HAepHaH 
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ycraH0BKa SAD Tpe6yer Tll.laTeJJbHbIX pac'leT0B Q)ll311'1ecK11x npoueccoB B 

nOAKPIITll'leCKOii c6opKe II K0Hcrpyv.poBaHllil HaAeJKHOii Pa,lltta1-1110HHOii 3all.111Tbl. 

IIpoaepKa T0'IH0CTH M0AeJJttpoBaHllil Q)ll3H'leCKIIX npo1-1eccoa, llHHQHllp0BaHHbIX 

npoT0HaMH B pa3MHOJKaJ0111eii MllllleHII, HBAAeTCH OAHOII 113 KJJJO'leBblX 3aAa'I 

npoeKTHp0BaHllil yCTaH0BKll, Cy111eCTB)'IOl.lllle 3KCnep11MeHTaJJbHbie AaHHbie no cne1<TpaM 

tteiirpoH0B 113 MaCCIIBHbIX pa3MH0J!CaJ0ll.lHX MllllleHeii eAIIHll'IHbl II KacaJOTCH HeiirpOHOB C 

311epr11eii 6onee HeCK0JlbKHX M3B. B TO JKe BpeMH 0CH0BHaH 'laCTb peaKQllii B 6JJaHKeTe 

IIAeT C HeiirpoHaMn MeHblIIIIX 3Heprnii. Ilo3TOMY AAA npoBepK11 MeT0A0B pacqera 

MeJKbHAep11oro KaCKa,lla B Be111ecrBe 6bIJJII Bbin0JJHeHbl 3KCnep11MeHTaJJbHbJe 

IICCJJeA0BaHllil ABOIIHbIX AIIQ)Q)epe111.-111aJJbHblX xapaKTep11CTIIK noAA BT0pll'IH0ro 

11eiirpOHHOr0 ll3JJY'leHIIH B0Kpyr TOJJCTOII MllllleHII yCTaH0BKH SAD BO BCeM 

3HepreTtt'leCK0M IIHTepBane OT 10'
8 

AO C0TeH M3B. 

,[vrn 113MepeHIIH 3HepreT~'leCKHX 3aBIICIIMOCTeii Q)JJJOeHCOB HeiirpOHOB B lllllp0K0M 

nHTepBaJJe 3Heprnii 11cnoJJb30BaJJaCb MHOrDCQ)CpHaH MeT0AIIKa ( cneKrpoMerp Eo1111epa) 11 

yrnepoACOAepJKa11111ii aKT11Ba1-11101111b1ii AeTeKTop. MnllleHb npeACTaBAAJJa co6oii 

CBIIHQOBblll QIIJIIIHAP AllaMerp0M 82 MM 11 AJJIIHOii500 MM, 06JJY'laBlllniicH Y3KIIM ITyqK0M 

np0T0H0B C 3Heprneii 650 M3B. Cepbe3HOII npo6JJCM0II npn i13MepeHllilX HBAAJJCH 

KOppeKTHblli yqer Q)OHa neiirpOHOB, MH0roKpaTH0 pacceHHHbIX B 3KCnepnMCHTaJJbH0M 

3aJJe. ,[vrn 3T0ro MelK,lly cneKTJ)0Merp0M ll MlllIICHblO n0A KaJK,llblM YrnoM ycranaBJJllBaJJCH 

TeHeBoii nornOTIITCJlb. lliMepeHHbJe cnel<Tpbl 11eiirpoH0B npeACTaBJJeHbl Ha pHC. 4. 
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P11c. 4. 3nepreTH'leCKHe 

3aBHCllMOCTll Q)JJIOCHCOB 

11eiirpOHOB nOA yrnaMII 45°, 

75° ll 105° K HanpaBJJCHIIIO 

nyqKa npoT0HOB C 3HeprHeii 

650 M3B, B3aHM0AeiiCTBYJ0-

111ero C TOJJCTOii CBIIHUOBOII 

MlllIICHbJO (11opM11poBaHbl Ha 

1 npOT0H nyqKa). 

)J;aHHbJe HaCTOHl.llero 3KCnepHMeHTa 6b1Jlll HCnOJJb30BaHbl .llJJH npoBepKll paC'leTOB 

no nporpaMMaM MCNP4B II LAHET c pa3JJH'IHbIMII M0ACAAMH BHyTpHHAep11oro KaCKa,lla. 

B rnase 2 OnHCaHbl nOJJHOMaClIITa6Hbie (6a30Bble) 3KCnep11MeHTbl 
.. 

no· 

9 



HCCJiep:oBamuo IIOJieH H3JiyqeHIDI 3a 3au111TaMH B rrpOCTbIX reOMeTplUIX, yp:o6Hb!X /l:llil 

MOp:eJittpOBaHIDI. TaKHe 3KCrrep11MeHTbl 6bIJIII BbIIIOJIHeHbl Ha rryqKe rrpOTOHOB C 3Hepr11eii 

640 M3B B p:Byx reoMerpIDIX "11CTO'IHHK-3am11Ta" 11 Ha rryqKe »p:ep 
12

C c 3Heprneii 3,65 

r3B/nyKJIOH. B 3KCrrep11MeHTax IICCJiep:oBaJIIICb KaK IIHTerpaJibHbie, TaK 11 

p:mp¢epem-111aJibHbie xapaKTepttCTIIKII neHTPOHHOro II 3apH)l(eHHOro KOMIIOHeHTOB IIOJieii 

CMernaHnoro pacce»HHoro H3JiyqenIDI, a HMenno: rrpoCTPaHCTBeHno-3nepreT11'lecKa» 

3aBHCHMOCTb ¢moeHca neirrpOHOB, IIPOCTPaHCTBeHHaH 3HepreTl!'leCKH-yrnoBaH 11 

IIPOCTPaHCTBeHHO-yrnoBaH 3aBHCIIMOCTH IIOTOKa 3apH)l(eHHb!X 'laCTHI-1, IIPOCTPaHCTBeHHaH 

3aBIICHMOCTb ¢moeHca BblCOK03HepreTll'lllb!X ap:pOHOB, IIPOCTPaHCTBeHHaH 3aBIICIIMOCTb 

COOTHOIIIeHHH BbIXO/l:OB 113 3am11Tbl 3apH)l(eHHOro II 11eHTPOIIIIOro KOMIIOJleHTOB. 

,lv!H H3Mepe11ID! CIIeKTPOB lleHTPOHHOro KOMIIOHeHTa IIOJieH H3JIY'leHID! 3a 

3am11TaMH B IIIllpOKOM 3HepreTH'leCKOM p:11arra30He 6bma HCIIOJib30BaHa MHOroc¢ep11a» 

MeTO/J:HKa, a /l:llil crreKTPOMeTp1111 11 pap:IIOMeTpllH BbICOK03HepreTl!'leCKOH '1aCT11 

11eirrpOHHOro 113.llyq\!IIIDI 6bIJia pa3pa6oTaHa crre1-1HaJibHaH, He HMeIOmaH aHaJIOroB, 

MeTO/l:HKa. ,lviH HCCJiep:0Ba1111ii crreKTPaJibHO-yrnoBbIX pacrrpep:eJieHIIH IIOTOKOB 

33;P»)l(eHl!bIX qacrn1-1 H3 3am1rrb1 6hIJIH c03p:a11b1 dE/dx-crreKTPOMeTp n crre1-1nanhttb1ii 

TeJieCKOII CI-IIIHTHJlllill-lHOIIHb!X C'leT'IHKOB. 

B cepHH 3KcrrepnMeHTOB 11a ¢a30TPOHe rry'!OK rrpOTOHOB C 311eprneii 640 M3B 

6oM6app:Hp0BaJI TOJICT)'IO MeP:HYJO MHIIIeHb (0 120 x 300 MM), ycraHOBJieHHYJO Ha 

n,p 
•u'~ 

;i?, 
·:'.t. ·= 

y 

B 

Puc. 5. CttCTeMa KOOp/l:HHaT rrpH H3MepeHIIH yrnOBb!X pacrrpep:eJieHIIH IIOTOKOB 

3ap5I)l(el!Jlb!X 'laCTHl-1 (A) H p:narpaMMbl 11arrpaBJieJIHOCTH <l>(r o, DT) B reOMeTp1111 J (E) 11 

2 (B) 3a 2-x MeTpOBoii 6eTOIIHOH 3ammoii ¢a30TPOHa. 

IO 

pacCTOHHl1H 4,7 M OT CIIJIOIIIHOH 6eTOHHOH 3am11Tbl TOJimHHOH 2 M. YroJI Me~ 

HarrpaBJieHHeM rryqKa H IIOpMaJibIO K 3am11Te COCTaBJIHJI 30,5°. 1-faMepeHID! BblIIOJIIDIJIHCb 

B p:Byx reoMerpIDIX: B rrepBOH reOMeTpHII KOJIJIHMHpOBaHHbIH rry'!OK npOTOHOB nap:aJI 

Henocpep:CTBeHHO Ha 3amHTY, BO BTOpoii -BttyTpeHHHH TIOBepxHOCTb 3amIITbl 06.nyqanacb 

BTOPII'lllblM H3.JI)"IeHl!eM 113 MHIIIeHII. Ha puc. 5 np,rnep:eHbl p:1IarpaMMbl HanpaBneHHOCTII 

3apH)l(eHHOro KOMTIOHeHTa TIOJUI ll3JiyqeHIDI 3a 3amllTOH B reOMeTpIDIX 1 II 2. 

YrnOBbie pacnpep:eJieHIDI TIOTOKOB 3ap5I)l(eHHb!X 'laCTHI-1 (rnaBHbIM o6pa30M, 

npoTOHOB) H3MepHJIIICb TaK)l(e B pa3JIII'IHb!X reOMeTpIDIX 3a 3ammaMH ¢a30TPOHa II 

CIIHXp0¢a30TPOHa OIUIJI npn BblBOp:e rry'IKOB pellilTHBHCTCKHX npOTOHOB, Hp:cp 
4
He II 

12
C. Ilo'ITH Bee H3MepeHIDI BblIIOJIHeHbl B ycJIOBIDIX, KOrp:a none BTOpH'IHOro H3JIY'leHIIH, 

nap:a10mero Ha 3amnry, 6JIII3KO K TIJIOCKOMY MOHOHanpaBJieHHOMy. IIpep:JIO)l(eHo npocroe 

Bbipa)l(eHIIe /l:llil OTIHCaHID! P:II¢¢~peHI-1HaJibHOro no yrny TIOTOKa 3apH)l(eHHblX 'laCTHI-1 113 

3amIITbl, B KOTOpOM ¢opMa yrnOBb!X pacnpep:eJieHIIH onpep:eJUleTCH xapaKTeplICTH'leCKHM 

yrnoM ro
0

, CJia6o 3aBIICHmHM OT reOMeTpHH H 3Hepr1111 E nepBH'lllb!X 'laCT111-1: 

- ro(0 - 0', (J) - (J)', t, E)) 
d<l>E,( ro, t, E) = CE' (t, E) • cosro(0, (J), t, E) · exp( ro o (t, E) 

dQ 
(I) 

rp:e CE,(t,E)- HOpMHpOBO'IHbIH MHO)l(l!TeJib, 0' H (j)' - YrJibl B BbI6paHHOH CHCTeMe KOOp-

p:nHaT, on11cbrna10m11e HanpaBneH11e MaKCHMYMa yrnoBoro pacnpep:eJieHIDI, t - TOJimnHa 

3am11Tbl. Ha p11c. 6 TIOKa3aHO, /l:llil npnMepa, yrnoBoe pacnpep:eJieHHe TIJIOTHOCTH TIOTOKa 

npoTOHOB 3a 6eTOHHOH 3am11Toii, Ha KOTopy10 TIO'ITH HOpMaJibHO nap:aeT BTOpH'IHOe 

113.llyqeHHe 113 TOJICTOH MHIIIeHH, 60M6app:11pyeMOH npoTOHaMH C 3Heprneii 3,65 r3B 

( CTIJIOIIIHbie JIHHHH), H arrnpoKCl!MallIDI 3TOro pacnpep:eJieHID! Bbipa)l(eHl!eM (I) C ro
0 = 

l 
l 

-;'fr 

~~ 

~ 
a:, 
:e 

·" xlQ 

A 

6f,x10·"

1 
'P•O 

15° 

,o• 

45° 

Ii ~00 

80 
0' 

80 60 40 20 0 -20 -40 ~ -80 (ff' 

30,3° (nyttKTllpHbie JIHHHH). 

P11c. 6. YrnoBoe pacnpep:eJieH1Ie TIJIOTHOCTII 

TIOTOKa 3ap»)l(eHHblX 'laCTHl-1 3a 2-x MeTpOBOH 

3amnTOH p:OMHKa 3KCnepnMeHTaTopOB Ha 

CHHXpo¢a30TPOHe, HOpMHpOBaHHOe Ha 

yrraBumii Ha MHIIIeHh npOTOH nyqKa c 3Hepr1Ieii 

3,65 faB. 

YrnOBbie pacnpep:eJieHIDI TIJIOTHOCTH 

IIOTOKa HeHTPOHOB 3a 3amHTaMII HMeIOT aHaJIO

rH'IHblH BHP:, HO B CHJIY O'leHb wnpoKoro 3Hep

reTH'leCKOro p:nana3oHa HeHTPOHOB, 3Ha'leHID! 

ro
0 

3aBHC51T OT rropora per11CTPa1-1n11 HeirrpoHOB 
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(co
0 

yMeHblllaeTC}I c ysenw-1eH1ieM nopora). CneKTJ)aJibHo-yrnoBbie 38BHCHMOCTH 

nJIOTHOCTH nOTOKOB 'l8CTHI..I, Bb!XO,!VILQHX l13 381.QHTbl ycKop1neAA B OKpyJKalOLQYIO cpe.ey, 

}IBAAIOTC}I onpe,1:1eAA10LQHMH napaMerpaMH AAA 011eHKH xapaKTepa pacnpocrpatteHH}I 

H3JIY'leHHH Ha 60Jibll!He paCCTO}IHH}I BOKpyr YCKOpHTeJieH. Jfl! xapaia:~PHCTHKH 

HCCJie,1:10BaJil!Cb 38 381.QHTOH C nOMOLQblO dE/dx-cneKTJ)OMeTpa npOTOHOB C HlllKHHM 

:rnepreTH'leCKHM noporoM 40 MJB. Ha pHC. 7 npHBe,!:leHbl, .z:IAA npHMepa, HOpMHp0B8HHbie 

Ha 1 npoTOH ny'!Ka, cneKTJ)bl npOTOHOB l13 TO'lKH 2 no,1:1 yrnaMH cp = -50°; -30°; o0 Ii 17° B 

reOMeTpHH 1 (pHC. 5). Yron 0 BO BCex l13MepeHH}IX - 90°. HaH6onee "lKeCTKHM" cneKTJ)OM 

l13 HHX }IBAAeTC}I cneKTJ) no,1:1 yrnoM cp = 17°, T. e. npHMepHO B M8KCHMYMe <pyHKI..IHH 

yrnosoro pacnpe,1:1eneHl!}I nJIOTHOCTH nOTOKa npoTOHOB B ,!:18HHOH TO'!Ke. 

~ 3 

i 
s .... 
~ 2 

fr 
~ 
_Y 1 

i 
'e: 

I'EOMETPIDJ !, 
TO'!KA2 

'" 4:, I I I I I I I I 7::::::J:::3 

PHc. 7. CneKTJ)bI npoTOHOB no,1:1 p83JIH'l

HbIMH yrnaMH cp K 2-x Merposoi1 

6eTOHHOH 381.QHTe qJ830TPOHa B TO'!Ke 2 
a reOMeTpllll 1. 

li830Bb!H JKcnepHMeHT no qJH3HKe 

381.QHTbl 6bIJI BbinOJIHeH TaKJKe 38 2-x 

MeTpOBoij JIOKaJibHOH 381.QHTOH KaHana 
~ 40 60 80 100 120 140 160 180 200 220 240 260 280 300 

e 3Hepnlll, M3B TP8HCnopTttpOBKH nyqKOB CHHXpo<pa-

30TPOHa nptt TOpMOJKeHHH B Hett nyqKa }l,!:lep 
12

C C 3Heprnett 3,65 rJB/ttyKJIOH. IIyqoK 

4JOKYCHp0B8JIC}I JIHH38Mll B TO'!Ke Ha paCCTO}!Hl!ll 12,5 M OT 381.QHTbl, n03TOMY Ha Hee 

na)'.laJIH 'l8CTHl..lbl, CKOHl..leHTPHPOB8HHbie B Y3KOM KOHyce, OCb KOTOporo COCT8BAAJia yr;on 

5° C HOpMaJiblO B TO'!Ke na,1:1eHH}I_ IIpocrpaHCTBeHHbie pacnpe,1:1eneHH}I (no roptt30H

T8JlbHOH OCH) qJJIIOeHCOB a,1:1poHOB Ha BHyTpeHHeH Ii BHell!HeH nosepXHOCT}IX 381.Ql!Tbl Ii 

cneKTJ)bI HeHTPOHOB B AByx TO'!Kax 3a 381.QHTOH noK838HbI Ha pHc. 8 H 9. lliMepeHH}I BbI

noJIH}IJIHCb C nOMOLQblO 8KTHB81..1HOHHblX yrnepo,1:1co,1:1epJK8LQHX . ,!:leTeKTOpOB Ii 

noTOKOMepa-,1:103HMerpa-cneKTJ)OMerpa HeHTPOHOB (Ill(C). CneKTJ) tteiiTPottoB nptt X = 0 

CM (B TO'lKe 38 381.QHTOH no HanpaBJieHHIO ny'!Ka }l,!:lep) HaH6onee "lKeCTKtttt" H3 Bcex 

l13MepeHHb!X cneKTJ)OB Ha ycKOpHTeJ]}IX OJUIH. ·cpaBHeHHe ,!:18HHbIX HaCTO}ILQero 

JKCnepHMeHTa C l13MepeHH}IMH Ha qJ830TPOHe nOK83ano, '!TO BJIH}IHHe oco6eHHOCTej:j 

}l,!:lpO-}l,!:lepHbIX B38HMO,!:leHCTBHH (qiparMeHTal..lHH }l,!:lep-cttap}l,!:10B H 3H8'lHTeJibHO 6onee 

Cl!JlbHOro npO}IBJieHH}I KYMYJ]}ITHBHOro J<p<peKTa no cpaBHeHHIO C ttyKJIOH-}l,!:lepHblMH 

B38HMO,!:leHCTBH}IMH) Ha p83BHTHe MeJKb}l,!:lepHOro K8CK8,!:la B 381.QHTe HaH6onee Cl!JlbHO 

CK83blB8eTC}I B HanpaBJieHHH nyqKa H ero He06XOAHMO YlJHTbIB8Tb nptt npoeKTHp0B8Hlll! 

12 
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PHc. 8. IIpocrpaHCTBeHHbie pacnpe,1:1e

neHH}I OTKJIHKOB yrnepo,1:1co,1:1epJKaLQHX 

aKTHB81..1l10HHbIX ,!:leTeKTOpOB (noo) Ha 

BHYTPeHHett ( 1) H BHellIHeii (2) 

noBepxHOCT}IX 6eTOIIHOH 381.QHTbl npH 

na,1:1ettttH Ha Hee nyqKa }l,!:lep 
12

C c 

JHeprneH 3,65 rJB/ttyKJIOH. 

1,2 

1,0 

0,8 

0,6 

0,4 

o,z 

2 

0 80 160 240 320 400 480 560 
3Hepnlll, M3B 

PHC. 9. 3ttepreTH'leCKHe 38BllCllMOCTll 

<pnIOeHCOB tteiiTPOHOB 3a 3aLQHToii B TO'!Ke 

X = 0 CM (A) H X + 144 CM (Ii) npn 
12C na,1:1eHHH Ha ttee nyqKa }l,!:lep . KopH,1:1opb1 

norpell!HOCTeH COOTBeTCTByIOT cpe):ltte-

KB8AP8Tll'lHbIM OTKJIOHeHIIBM 3Ha'leHHH 

4JYHKl..lllll <l>{Il,)xE OT HaH6onee BepO}ITHbIX. 

no60BbIX 38llIHT Ha ycKOpHTeJ]}IX peAATHBHCTCKHX }l,!:lep. 

lliMepettli}I yrnoBbIX pacnpe,1:1eneHHH noTOKOB 38p}IJKeHHbIX 'l8CTHI..I n03B0JIHJIH 

011eHHTb BKJ!a,!:I 38p}IJKeHHOro KOMnOHeHTa B noJIHbIH qJJIIOeHC 8.z:IPOHOB B IlOJI}IX 

l13JIY'IeHH}I 38 38LQHT8Mll qJ830TPOHa Ii CHHXpO<p830TPOHa. B 38Bl!CHMOCTH OT "lKeCTKOCTH" 

nOAA JTOT BKJia,!:I BapbttpyeTC}I OT 3 % AO 23 %. AHanOrll'lHO, BKJia,!:I BbICOKOJHepreTH'l

HbIX tteiiTPoHOB (> 20 MJB) B noneyIO A03Y MOJKeT B "JKeCTKnx" no= AOCTttraTb 50 %. 

B rnaBe 2 onHC8Hbl l13MepeHH}I cneKTJ)OB tteiiTpOHOB BbICOKOH JHeprHH B nOJ]}IX 

CMernaHHOrO pacce}IHHOro H3JIY'leHH}I 38 peaJibHbIMH 38LQHT8Mll ycKOpHTeneii, 

BbinOJIHeHHbie C noMOll..lblO MHOrocqiepttoro cneKTJ)OMeTpa II nOTOKOMepa-)'.I03l!MeTpa

cneKTJ)OMerpa HettTPOHOB (Ill(C). He,1:10CTaTOK JKCnepHMeHTaJibHOH l!HqJOpMal..lHH o 

cneKTJ)ax tteiiTPOHOB 3a 3aLQHTaMH AettCTByIOllIIIX ycKopmeneii }IBAAeTC» cepbeJHOH 

npo6JieMOH <pl13HKH 38llIHTbl. lIMelOLQHeC}I B JIHTepaTYPe CBe,!:leHH}I p83p03HeHbl, 

38'l8CTyIO He KOHKpeTH3Hp0B8Hbl H TPYAHO nOM810TC}I KJI8CCHqJHK81..1Hll. TeM He Mettee, B 

1990 r. B MAr AT3 6blJia npe,1:1npHH}IT8 TaKM nonb!TKa H 6bIJI l13,!:18H KOMnettAHYM 

HettTPOHHb!X cneKTJ)OB, B KOTOpOM 6bIJIO npHBe,!:leHO 11 HeCKOJibKO cneKTJ)OB 38 38ll..lHTaMH 

ycKOpHTeneii. B 2001 r. 6bIJI ocyLQeCTBJieH BbinyCK BTOporo H3,!:18HH}I KOMneHAHYMa, B 
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KOTOpblH 6hmo BKJIIO'leHo TaIOKe HeCKOJibKO cneKrpOB HettrpOHOB, H3MepeHHblX aBTOpOM 

Ha ycKopHTeJUIX OlUIII. 

Ha pnc. 10 nOKa3aH, AJUi npnMepa, p~ cneKrpOB He"TPOHOB, H3MepeHHblX B 

caMbIX pa3Hb!X CHTYal.lIDIX Ha <pa30rpoHe JUIIl H CHHXp0cpa3orpoHe JIB3; reoMerpHH 

COOTBeTCTBYIOll\HX H3MepeHHH npnae.QeHbl Ha pnc. 11. IIpnBe.QeHHhie cneKrpbl 

~~~ ,, ., ,, 
-~ ·~ 
\ ·~-
\\ \ 
,, ~-~ 2 
\1 I ~.,=;;; 'I 6 \\ 
1'-<w ~- xJo- j; ~ \\ 
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,~ 
~ 
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1 •, I I 
I0-2 I 

100 200 300 400 500 600 100 200 300 400 500 

3Hepnrn, MJB 

Pnc. 10. 3HepreTH'leCKHe qJJIIOeHCbl He"TPOHOB Bb!COKOH 3Heprnn, H3MepeHHhie II,ll;C 3a 

3all\HTaMn <pa3orpoHa (1, 2) n cnm:pocpa3orpoHa OlUIII (3 - 6).1(n<ppb1 cooTBeTCTBYIOT 

HOMepaM TO'leK H3Mepemui, YKa3aHHbIX Ha pnc. 11. Kopn.nopbl norpeIIIHOCTett - cpe.nHe

KBa.QpaTH'IHhie OTKJIOHeHllil «l>(E) OT Han6onee aep05ITHbIX 3Ha'leHHH. 

p 

'1!l1!.!!Jlim:i 
T 

5 

A Ii 

r 

a T 

~ . . 
6 

i.4:,.4$e..,S$:,t,, 

Pnc. 11. reoMerpnn H3MepeHnii II)];C 3Hepre -

TH'leCKHX qJJIIOeHCOB HettrpOHOB BblCOKOi1 

3Heprnn 3a 3all\HTaMH <paJOTPOHa (A) i-( 
cnHxpo<jJa3orpoHa OlUIII (E, B, r). Ha pnc. E 
nOKa3aH TaK)Ke <ppOHTaJibHblH BH.Q 3all\HTbl. 

.neMoHcrpnpyioT .nnanaJoH B03MO)KHbIX aapna-

1.IHH "lKeCTKOCTH" noneil: pacce»HHOI'O H3JIY

'leHllil Ha ycKopHTeJUIX OlUIII. Bee H3MepeH

Hhle cneKrpbl, 3a HCKJIIO'leHHeM Han6onee· 

"M51I'KOI'O" cneKrpa 6, HMelOT xapaKTepHbIH 

MaKCHMYM <pyHKI.IHH «t>(E)xE B pattOHe 3Hep

I'HH 50 - 250 M.3B, KOTOpbitt anepabie Ha6n10-

.nanc» B cneKrpax HeiirpOHOB, H3MepeHHbIX 

MHOI'OCcpepHbIM cneKrpoMerpOM. C pOCTOM 

")KeCTKOCTH" nOJI51 MaKCHMYM HeCKOJibKO 

14 

C.QBHI'aeTC» B CTOpOHY 60JibIIIHX 3Heprnil:, O.QHaKO, B .nnana30He 3HeprHH no 500 M3B 

cocpe.QOTO'leHO 90-95 % OT noJIHOI'O qJJIIOeHca HettrpOHOB. 

fu npaKTHKll .Q03HMerpH'IeCKOI'O KOffTPOJI51 Ha ycKOpHTeJI»X ll3BeCTHO, 'ITO npn 

pa60Ta10ll\eM ycKopnTeJie OCHOBHOH BKJ!a.Q B .Q03Y H3Jiy'leHH» 3a 3all\HTaMH .QalOT 

HettTPOHbl IIIHpOKOI'O cneKrpa 3Heprnil:. 11H.QHBH.QYaJibHblH .Q03HMeTpH'IeCKHH KOHTPOJib 

HettTPOHOB B OlUIII ocyll\eCTBJI51eTC51 C noMOll\blO nneHOK C ».nepHOH 3MYJibCHeH THna 

"K" TOJill\llHOH 20 MKM no npOTOHaM OT.Qa'lll. O.nHaKO, B noJUIX ll3JIY'leHllil 3a 3all\HTaMH 

ycKOpHTeJieH npHMeCh 3ap»lKeHHOI'O KOMnoHeHTa npHBO.l{HT K cyll\eCTBeHHOMY 

3aBbIIIIeHHlO nOKa3aHHH ».nepHblX 3MYJihCHH, nocKOJibKY Hap».ny C npOTOHaMH OT.Qa'IH OT 

6bicrpbIX HeiirpOHOB perHcrpllpyIOTC» H BHeIIIHHe npOTOHbl. Cnrya1.1n11, npH KOTOpbIX 

cpopMHpyeTC» O'leHb "lKeCTKOe" none pacce»HHOI'O H3JiyqeH11» 3a 3all\HTOH co 

3Ha'IHTeJihHblM BKJ!a.QOM 3ap»)KeHHOI'O KOMnoHeHTa, Ha npaKTIIKe B03HHKalOT pe.QKO. 

Tl!IIll'IHOe 3Ha'leHHe .QOJIH 3ap»iKeHHOI'O KOMnOHeHTa B nOJIHOM qJJIIOeHCe a.npoHOB 

COCTaBJI51eT Ha ycKOpHTeJUIX 3-6 %. Ho .nalKe np11 TaKOH .QOJie npOTOHOB 3aBbIIIIeH11e 

nOKa3aHHH 3MYJihCl!H MOlKeT .l{OCTHI'aTb .nec5ITKOB pa3. BbIIIOJIHeHHhie 3a 3al.llllT0H 

cpa30TPOHa l!CCJie.QoBaHllil 3ap»)KeHHOI'O KOMnOHeHTa non» 113JiyqeHllil n03B0JlllJIH 

ocymeCTBHTb 3KCnep11MeHTaJibHyIO npoaepey MeTO.Qa KoppeKI.11111 noKa3aHHH 

IIH.l{HBH.QYaJihHblX .!{03HMerpOB ll 01.1eHHTb norpeIIIHOCTH 3a C'leT per11crpa1.11m BHeIIIHHX 

3ap»lKeHHblX 'laCTHI.1 .!{0311MerpaMH, .QeTeKTHpyIOl.llHMII HettTpOHbl no 3ap»)KeHHbIM 

npo.nyKTaM HX peaK1.111il: B Bell\eCTBe .QeTeKTOpa. 

B rJiaBe 3 onHCaH Ha6op onopHblX noneil: HettrpOHOB, C03.QaHHb!H .l{JI51 1.1eneil: 

MerpOJIOI'H'leCKOI'O 06ecne'leH11» pa.nua1.1HOHHOI'O KOHTpOAA Ha ycKOpl!TeJI»x Ha OCHOBe 

1130TOnHOI'O HCTO'IHHKa 
252

Cf B pa3Jill'IHblX 3aMe.QJIIITeJUIX II peaJihHb!X noneil: 

pacce»HHOI'O 113JiyqeHllil Ha qJa30TPOHe ("M51I'KOI'O" noJI51 B na611pHHTe I.IOKOJlbHOI'O 3TalKa 

ll "lKeCTKOI'O" na o6BaJIOBKe <pa30TpoHa 3a 2-x MeTpOBOH 3al.llHTOH). B npaKT11Ke 

pa.nua1.1110HHOI'O KOHrpOJI» B Ka'leCTBe o6pa31.10Bb!X IICTO'IHIIKOB He"TPOHOB HaIIIJIII 

npHMeHeHHe pa.QHOll30TOnHbie 
239

Pu-Be II 
252

Cf HCTO'IHIIKH co cpe.QHHMH 3neprlli!Mll 

He"TPOHOB 4,3 11 2,5 M.3B. OCHOBHblM He.QOCTaTKOM .naHHbIX HCTO'IHHKOB c TO'IKH 3peHllil 

MerpOJIOI'llll »BJI51eTC» Y3KIIH 3HepreTll'leCKHH .QHanaJOH. 3TO CTIIMYJIHpOBaJIO 

pa3pa6oTey cne1.111anhHOtt Merponorn'leci<:oil: no.n.neplKKH neil:rponHhIX H3MepeH11ii na 

ycKOpHTeJI»x, B OCHOBe KOTopoii Jie)KaJIO C03.QaHHe 3TaJIOHHbIX ( onopHbIX) noneil: 

He"TPOHOB IIIHpOKOI'O 3HepreTH'leCKOI'O COCTaBa Henocpe.QCTBeHHO Ha ».nepHO

cpH3H'leCKHX yCTaHOBKax ll Bocnpo113Be.QeHllil B HIIX (np»Mh!M HJIH KOCBeHHblM MeTO.QOM) 
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pa3Mepa e,!IHHHI.l rocy.napCTBeHH0ro cne[lHaJlbH0ro 3TaJI0Ha. Ha ycK0pHTeJUIX .!1Hana30H 

B03M0)KHblX aaptta[lHH cneKTµaJibH0ro C0CTaBa noneii. H3nyqemui 0'leHh ump0K, aepxHee 

3Ha'leHHe 3HeprnH 'laCTHI.l cpopMaJibHO M0)KeT np0CTHpaThCH .!10 3HeprnH ycKopeHHblX 

'laCTHI.l, ll nona HMelOT cnO)KHbJH KOMnOHeHTHblH C0CTaB. Il03TOMY npo6neMa c'03.11aHH}I 

onopHblX noneii. (Oil) HeH.TµOHOB, M0J{enupyIOl.l{llX noJUI ll3ny'leHH}I Ha ycK0pHTeJUIX, 

CTOIIT 0'leHh 0CTµ0, oco6e1rno J{JIH TaKHX KpynHbJX Hay'IHblX [leHTµ0B, KaK OJUll1, 

Hct>B3, IJ,EPH. Heo6XOJlllM Ha6op arr HeHTpOHOB, C00TBeTCTByIOl.l{llX oco6eHHOCTHM 

pa3nll'IHblX peaJihHblX cneKTµ0B, OT Hatt6onee "MHfKHX" Jl0 caMhlX ")KeCTKHX". 

IloJ{ onopHblM noneM no.npa3yMeBaeTCH Bbl,!leneHHM B npoCTpaHCTBe (ycnOBHO 

Hnll cptt3H'leCKH) H ,!leTaJlbH0 uccne.noaaHHM o6naCTb noJUI C B0Cnp0H3B0JlHMblMll ll 

H0pMttpoBaHHb!Mll cpH3H'leCKHMH xapaKTepHCTHKaMH, K0T0paH, B coaoeynHOCTH) co 

cpe,!ICTBaMH M0HHT0pttpoaamrn, npeJ{CTaBnHeT co6oii. o6pa3I.l0ByIO Mepy BenH'lllH 

H0HH3ttpyIOl.l{ero tt3ny'leHH}I JlIDI npoaeJ{eHH}I MeTµonornqecKHX pa6oT. Onpe.neneHue 

3Ha'leHHH ,!103HMeTµH'leCKHX Bentt'IHH B 011 np0H3B0,!lllTCH C n0M0l.l{blO K0MnneKCHblX 

lf3MepeHHH Hatt6onee Jl0CT0BepHbIMll MeT0JlHKaMH H Ha 0CH0Be T0'IHblX paC'leT0B no 

ll3BeCTHbIM (H3y'leHHbIM) cptt3H'leCKHM xapaKTepttCTHKaM nona. B OJUll1 6hIJJO C03,!laH0 4 

onopHblX noJUI: J{Ba - Ha 0CH0Be 
252

Cf HCT0'IHHKa HeH.TpOHOB BT0poro pa3pa.na C 

nonH3THneH0BblMH 3aMeJ{nHTeJUIMll J{HaMeTpaMH 29,2 tt 12,7 CM tt J{Ba - Ha 0CH0Be 

peaJibHbIX noneii. cpa30TµOHa, CneKTp HeHTµOHOB 
252

Cf B 3aMeJ{nHTene J{HaMeTµ0M 29,2 CM 

n0Ka3aH Ha pttc. 12. 

26 
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Puc, 12. CneKTµ HeHTµOHOB tt3o

T0nHoro HCT0'IHHKa 
252

Cf B nontt-

3THneH0B0M 3aMeJ{nHTene J{Ha

MeTµ0M 29,2 CM, 

"MJ!rKoe" onopHoe none Heii.Tµo

H0B 6hIJJO C03J{aH0 Ha cpa30TpOHe 

a na6ttpHHTe TYHHeJUI a I.l0-

K0nhH0M 3Ta)Ke n0J{ rnaBHblM 

3aJI0M ycK0pHTeJUI. 011 cpop11mpo-

BaJI0Cb B pe)KHMe Bb!B0J{a nyqKa np0T0H0B C 3Heprneii. 650 M3B Ha TOnCTyIO 

6epunntteByIO MHilleHb, pa3Mel.l{eHHyIO BttyTPH MmneHHOH CTaH[lHll B rnaBH0M 3aJle. 

MHOroKpaTHO pacceHHHbJe HeHTµOHbl HaTeKaJlll B o6naCTb arr qepe3 J{Ba npoeMa B 

60KOBOH If nOTOnO'IHOH 6eTOHHOH 3al.l{HTe, pacnono)KeHHbIX BHe npHMOH BHJlHM0CTll H3 
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HCT0'IHHK0B BT0pH'IH0ro H3JJY'leHH}I. rpaJ{HeHT noJUI B rym1ene Jl0CTaT0'IH0 BenHK, 

no3T0MY B Ka'leCTBe onopHoro noJUI paccMaTµl!BaJICH o6beM pa.neycoM 20 CM B0Kpyr 

cpHKCllpOBaHHOH T0'IKH. B "MHrKOM" 011 HCn0nb30BaJiaCb CHCTeMa M0HHT0p11poBaHH}I 

10' 

--;'(J 8·10J 
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u ' :i:: 6·10 
0 

'~ 3 
~ 4·10 
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~ 2·10 
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l1 
'1 1, ,, ,, 

'11 ii I 11111 !If! Ii li!H if I If 1 ,,, 
I I I .. J••.il! 

10 8 161 16e 10s Hi" 10 10 10
1 " ' 10 10 

3Hep£11J1, M1B 

2 
10 

Pnc. 13. 3HepreTH'leCKtte cpn10eH

cb1 HeHTµOHOB B "MHrKOM" 011 
cpa30TµOHa, H0pMttpoBaHHbie Ha TOK 

BbIBe,!leHH0rO ll3 cpa30TµOHa rryqKa 

np0T0H0B 1 MKA. A - nyCToii 

npoeM, E - npoeM 3aJI0)KeH cnoeM 

nonH3TttneHa TOnl.l{HHOH 9 CM. 

4-103 f .., 9 1 ..., 1 9 =, '"1 .. , 

noCT0HHCTBa cneKTµaJlbH0r0 C0CTa

Ba onopnoro noIDI H ero 

M0l.l{H0CTH, 3aBHCHl.l{eH OT T0Ka 

Bb!BeJ{eHH0ro Ha MmneHh rryqKa. 'u 
~- 3-103 

a 
~ 
)~ 2-10

1 

!,j 
~:f 
X 
~ 1-10' 

e 

1
1111 ,,, ,,, 

I ,,,, 

E 

111
1I11111 I II II 11111111, '"•• 

10·' 10·' 10·• 10-5 10·• 10·' 10·1 10·1 10' 101 101 

3Hep£11J1, M1B 

Mol.l{H0CTh aM6tteHTHOH 3K-

BHBaJieHTHOH Jl03bl B J{aHH0M onop

H0M none ,!I0CTllfaJia 10 M3B-'lac-
1
, 

'ITO no3aon11no HCnonb30BaTh ero 

JlJIH o6nyqeHH}I J{eTeKT0p0B C 

Hll3KOH 'fYBCTBHTenhH0CTblO. 

3HepreTH'leCKHH cpn!OeHC HeHTµ0H0B B "MHrKOM" arr npe.nCTaBneH Ha p11c. 13A. 

Aµyroii. aapttaHT "MHrKoro" Oil cpopMttpoaanca npu nepeKpbITHII npoeMa B na6upttHT 

cnoeM nonH3THneHa TOnl.l{HHOH 9 CM (puc. 13E). 

B Ka'leCTBe ")KeCTKoro" arr 6hIJJO Bb16paHO none 3a 2-x MeTµOBOH 6eTOHHOH 

3al.l{HTOH cpa30TµOHa. Ilone cpopMHpOBaJIOCb HeHTµOHaMH YTe'IKH ll3 3al.l{HTbI, o6nyqaeMOH 

BT0pH'IHblM H3nyqenneM ll3 KaMepbl ycK0pHTeJUI H MmneHHOH CTaH[lllll nptt BbJB0,!le Ha 

6epHJ1J1HeByIO MHllleHh rryqKa np0T0H0B. CttCTeMa M0HHT0pttpoaaHH}I 6hIJla aHaJI0fH'IHa 

CIICTeMe B "MHrKOM" 011, HO .nononHHTenbH0 K0HTµ0nHp0BaJICH cpnIOeHC Bb!C0K0-

3HepreTH'IHblX a.np0H0B. B npe.nenax ± 50 CM B0Kpyr cpHKCHpoBaHHOH T0'IKH none 

ll3JJyqeHH}I 6hIJJO npaKTH'leCKll paBH0MepHblM. BKJJa,!I 3apa)KeHHblX 'laCTHI.l (npoTOHOB) B 

nonHhlH cpnIOeHC a.npoH0B c 3Heprneii. 6onee 20 M3B C0CTaBllJI (3,7 ± 0,5) %. CneKTµ 

HeHTµOH0B, HOpMnpoBaHHblH Ha TOK BbJBe,!leHH0ro IIyqKa 1 MKA, npe.nCTaBneH Ha pnc. 14. 

B Ka'leCTBe napaMeTµa xapaKTepll3yIOl.l{ero ")KeCTKOCTb" n0IDI HeHTµOHOB 6hIJJ 
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BbI6paH HH)),eKC noIDI, nponop11110HaJ!bHblH OTHO!IleHIIIO N to!N 5, r)),e N 10 H N 5 - nOKa3aHHll 

)),eTeKTOpOB TeillIOBblX HeiITpOHOB BIIYTJ)II 3aMe)),JrnTeneiI )),HaMeTpaMH 10 11 5 /l,IOHMOB. 

3-ra BeJIHqHHa MeHl!eTCll B 3aBHCIIMOCTH OT cneKTPaJibHOro COCTaBa noIDI II MO)KeT 

CJIY)KHTb /l,IDI nOCTOll!IHOro KOHTpOIDI ero xapaKTepllCTIIK. 3HaqeHllll IIH/l,eKCOB OII 

1-1eiiTpOHOB nepeKpbIBaIOT )),llana.30H IIX BapHalllllf B peaJibHblX nOIDIX He!rrpOHOB Ha 

YCKOpHTeJIJIX OIUIH, 3a IICKJIJOqeHlleM oqeHb ")KeCTKOro" nOIDI 3a TOHKOH JIOBYIIlKOH 

nyqKa peIDITHBHCTCKHX ll/l,ep C11HXpO<pa30TPOHa. 

3·102 

l!!im1ijl .. ., .~ .• ., .. 
I I .... 10 10 B 

rn• io·' ,.,. 3Hepnlll, M3 

PHc. 14. 3HepreTHqecKHii 

<pnIOeHC HeHTPOHOB B 

")KeCTKOM" onopHoM none 

<pa30TPOHa, HOpM11poBaH

HblH Ha TOK BbIBe)),e!IHOro 

m <pa30TPOHa nyqKa npo

TOHOB 1 MKA. 

B onopHbIX noJIJIX 

6blJIO opraHll30BaHo CJlll

'leHHe MeTO/l,IIK II cpe/l,CTB 

113MepeHHH )),03HMeTpll-

'leCKHX H <pll3H4eCKHX 

xapaKTepHCTHK noneil HeiITpoHoB, 11cnonb3yeMbIX B OlUIH, I-I<l>B3 11 I-IA3 (CsepK, 

IIonbllla). Pa6orn npoBO/l,Hnacb no nporpaMMe KOOp/l,HHa1.1110HHOro CoseTa MA3II P<l> no 

MeTpOJIOrHII H PMHal.lHO!lllbIM ll3MepeHHJIM B o6naCTH BbICOK03HepreTll4eCKOro 

HOllll311pyIOi.nero H3RyqeHHll. IIpoBe)),eHHOe CJ1Hqe1111e cpe/l,CTB mMepeHHii,\ 

HCnOnb3yeMblX B Ka'!eCTBe o6pa3l.10BblX B YKa3aHHbIX uayqHblX 1.1eHTPax, n03BOJIIIJIO 

nORyqHTb 01.1eHKH He IICKJIIO'leHHblX CHCTeMaTHqecKHX norpelllHOCTeii H3MepeHHH. B 

"MllrKOM" onopHOM none 6hlna npoBe/l,eHa rpa)),yHpOBKa pll/l,a cpe/l,CTB onepaTIIBHoro 11 

IIH)),11BH/l,YaJibHOro KOHTpOIDI H 6blJI BbinOJIHeH TaK)Ke ll11KJI HCCJ1e)),OBa1111ii <pyHKLIIIH 

, OTKJIHKOB pa3Jlll4Hb!X TPeKOBbIX, aKTHBa11110HHbIX 11 ny3blpbKOBbIX )),eTeKTopoB, 

HCnOnb3yeMblX B OlUIH H I-I>l<l> (1:lexHll). IIpaKTHqeCKII B TO )Ke BpeMll onopHbie noJIJI . 

• HettTpOHOB (B OTJlll'laIOJ.neMCll Ha6ope) 6hm11 C03)),aHbl Ha CIIHXPOTPOHe I-I<l>B3 

(EpHTBHq r.I-I. H /l,p.) H, HecKOJlbKO no3/l,Hee, B l(EPHe (Klein H. et al.). 

rJiaBa 4 nOCBllJ.neHa onHCaH11IO MeTO/l,H'leCKHX pa3pa60TOK B 06naCT11 

PM110MeTpHH ttyYJIOHOB B nOJIJIX H3RyqeHHH ycKOpHTeneii. · rnaBHOe OTJlll4He B 

H3MepeHHJIX 3a 3ai.n11TaMH no cpaBHeHHIO C TPMHI.IHOHHblMH MeTO)),HKaMH ll/l,epHOH 

<pH3HKH - 3TO OTCYTCTBl1e BbI)),eJleHHOrO B npoCTPaHCTBe HanpaBJleHHJI )),Bll)KeHHJI 
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IICCJle)),yeMOro ll3RyqeHllll. TaK, B none paccel!HHOro 113JlyqeHHll, npH BCeB03M0)KHblX 

HanpasneH!lllX HeiiTPOHOB H np11 Heonpe/l,eJleHHOCTII MOMeHTOB HX po)K)),eHHll, MeTO/l,bl 

ll/l,ep OT/l,a'lll H BpeMeHH nponeTa /l,IDI 11eneii cneKTPOMeTpHII He np11MeHHMbl. ,[q)yrall 

oco6eHHOCTb HCCJle)),OBaHHH xapaKTepHCTIIK HeHTPOHHblX noneii 3a 3aJ.nHTaMH CBll3aHa C 

He06b1qaiiHO lllHpOKHM 3HepreTH4eCKIIM )),llana30HOM. IIp114eM <pll3HKa npo11ecCOB 

B3allMO)),eHCTBllll HeiITpoHOB pa3HblX 3Hepr11ii C sei.neCTBOM pa3Jlll4aeTCll O'leHb CIIJlbHO, a 

sepOl!THOCTb HX B3aHMO)),eHCTBHll C sei.neCTBOM paCTeT C yMeHbllleH11eM 3HeprHII. 

Il03TOMY B <pH311Ke 3aJ.nHTbl OCHOBHOe np11MeHeH11e nonyqnn MeTO)), KOCBeHHblX 

113MepeHIIH xapaKTepHCTIIK HeHTPOHHbIX noneii, OCHOBaHHblH Ha BbICOK03<p<peKTIIBHOH 

perHCTPa1.11111 3aMe)),JleHHblX B sei.neCTBe HettTpOHOB. OCHOBHblM npH60pOM )),Jill 

H3MepeHHJI 3HepreTHqeCKOH 3aBIICHMOCTH <pJIIOeHca HelITpOHOB B cMe!IlaHHblX 

paccellHHbIX nOJIJIX 113JIY4eHHJI llBJllleTCll MHOroc<pepHbIH cneKTPOMeTp, B OCHOBY 

KOTOporo 3aJIO)KeHa 3aBHCHMOCTb )),JIIIHbl 3aMe)),JleHHJI HeiiTpOHOB B 80/l,OpO/l,CO/l,ep)Kai.neM 

sei.neCTBe OT 1rx :mepnm. 

MHoroc<pepHbiii cneKTPOMeTp OTHOCllT K KJ1accy npn6opos (MeTO/l,OB), He 

HMeIOJ.nHX 3HepreTHqeCKOro pa3pellleHllll B KJlaCCH'leCKOM CMblCJle. IlOKa3aHllll 

cneKTPOMeTpa Ni (cKopOCTb cqeTa, HMn•c-
1
) C 3aMe)),JIHTeJleM i-ro /l,llaMeTpa CBll3aHbl C 

MOJ.nHOCTbIO 3HepreTnqecKoro <pJIIOeHca 1-1eiiTPOHOB <l>(E) (HeHTPOH·CM-
2

-c-
1
-M3ff

1
) 

nHTerpaJibHblM ypaBHeHHeM <l>pe)),rOJlbMa I po/l,a: 

s_ 
N; = f <fl(E)·R;(E)dE i= 1, ... , m. (2) 

E__, 

3)),eCb Emax, Emm - rpaHHJ.lbl 3HepreTH4eCKOro cneKTpa, R;(E) <pyHKLIHll 'IYBCTBII-

TeJlbHOCTII cneKTPOMeTpa C 3aMe/l,JIHTeJleM i-ro /l,HaMeTpa (HMn·CM
2
-HeiiTpoH-

1
-M3B). 

Pe3yJlbTaTOM pe!IleHHJI o6paTHOH 3a/l,a4H (cnCTeMbl anre6pan3HpOBaHHblX ypaBHeH!lll (2)) 

llBIDleTCll HaXO)K)),eH11e pacnpe/l,eJleHHJI nJIOTHOCTH sepOllTHOCTH <l>(E), Y/l,OBJleTBOpllIO

i.nero 3a/l,aHHbIM Ni npH H3BeCTHbIX Ri(E). B /l,aHHOii pa6oTe )),Jill socCTaHosneHHl! 

cneKTPOB ncnOJlb30BaJICll MeTO)), CTaTIICTHqecKOH peryIDipH3aJ.IHH (no THXOHOBY A.H.) C 

npllBJleqeHHeM KaqeCTBeHHOH anp11opHOH llH<pOpMaJ.IHH O cneKTPe. AnpHOpHall 

HH<pOpMal.lHJI 3a)),aeTCll B BH)),e TPe6oBaHHJI rJla/l,KOCTH HCKOMOro cneKTPa <l>(E), sepx11eii 

3HepreTHqecKoii rpaHHJ.lbI cneKTPa, <pnIOeHca HeiITpoHOB onpe/l,eneHHOH 3HepreTHqecKoii 

rpynnbI, T. e. npHHJ.IHnllaJibHO OCHOBbIBaeTCll Ha npHpO/l,e <pH3H'leCKHX llBJleHnii. B pa6oTe 

aHaJIH311pyIOTCll npo6neMbl BOCCTaHOBJleHHJI cneKTPOB HeHTPOHOB BbICOKHX 3Heprnii 11 

KoppeKTHOro pacqern <pyHKJ.IHH qyBCTBHTeJlbHOCTII MHOroc<pepHoro cneKTPOMeTpa. 
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YpaBHeH11e <l>pe,nroJihMa OTJ)ll)Kae-r HaH6onee 06I.1.1He 3aKOHOMepHOCTH npol.{eCCOB 

H3MepeHH» QH131i'IeCKHX 3aBHCHMOCTett, Ii MOlKe'I' 6bITh HCnOJih30BaHO .nn» peweHH» 

MHOrHX 3a,!la'l. ,[(ettCTBIITeJibHO, cpyHKUHH OTKJIHKa p».na cneK-rpOMeTJ)OB HMeJOT CJIOlKHhlll 

BH,!l HJIH xapaKTepH3yJOTC» HeBhICOKHM annapaTYPHhlM pa3peweHHeM. IlpHMepOM 3TOMY 

MOlKe'I' CJIYlKIITh C03,!laHHhlll ,nJI» HCCJie,noeaHH» ,nmpcpepeHUHaJihHhlX no yrny Ii 3HeprnH 

pacnpe,neneHHtt noTOKOB npOTOHOB 3a 3all.lHTOM dE/dx-cneKTpoMe-rp - cneK-rpoMe-rp 

npOTOHOB no liX 3HeproBhI,neneHHIO B TOHKOM npone-rHOM ,ne-reKTope. TaKOM THn 

cneK-rpOMe-rpa HMee-r p».n npeHMYI.l.leCTB, HO pe,nKO npHMeH»e-rc» B <pH3H'leCKHX 

3KCnepHMeHTax H3-3a nnoxoro 3Hepre-rH'lecKoro pa3peweHH», KOTopoe onpe,nen»e-rc» 

lllHpHHOM Ha nonyBhICOTe pacnpe,neneHH» 3HeprOBhl,!leJieHHM 'laCTHU B TOHKOM 

npone-rHOM ,ne-reKTope. ,[(JI» KoppeKTHoro yqe-ra pa3peweHH» ,naHHoro cneKTpoMe-rpa 

HCnOJih30BaJIC» Me'I'O,!l peweHH» Cl!CTeMhl HHTerpanbHhIX ypaBHeHIIM. CneK-rpaJihHO

yrnoeoe pacnpe,neneHHe noTOKOB npoTOHOB Haxo,nHJIOCh nYTeM peweHH» cne.nyJOI.1.1ett 

CHCTeMhiypaBHeHHM: 

Emu 

~ =r(n)- f ~EH(E)d , (3) 
40 

r,ne Ki - 'IHCJIO co6brrni1 B i-M KaHane annaparypHoro cneK-rpa, <l>(Il,E)- ncKOMa» 

3Hepre-rH'leCKll-yrnoBa» 3aBHCHMOCTh BhlXO,na npOTOHOB C e,nHHH'IHOM nJIOI.l.la,!lKII 3all.ll!Thl 

(npoTOH·M3ff1-cM-2-cp-1), r(O) - reoMe-rpH'IeCKHtt cpaKTop cneK-rpoMe-rpa, f;(E) -

cpyHKim» 'IYBCTBIITeJihHOCTH i-ro KaHana (f;(E)-~ - eepo»THOCTh pernc-rpaUHH npOTOHa C 

3Heprnei1 OT E ,no E + LlE B i-M KaHane annapaTYPHOro cneK-rpa). <l>yHKUHH 

'IYBCTBHTeJihHOCTH onpe,neAAJIHCh no paC'le'I'HhlM cpyHKUH»M OTKJll!Ka cneK-rpOMe-rpa C 

yqe-roM co6c-raenHoro pa3peweHH» npH6opa. 

TOT lKe MeTO,!l peweHlm CHCTeMhl HHTerpanhHhIX ypaBHeHl!M 6~m HCnOJih30BaH 

npH BOCCTaHOBJieHHII cneK-rpOB HettTpOHOB H3 TOJICTOM MHllleHH, 06JIY'laeMOM »,npaMH 12C. 

IlpH C03,naHHH cneK-rpOMe-rpa HeMTpOHOB no apeMeHH npone-ra cyI.1.1eCTBYeT aJihTepnaTIIBa 

BbJ6opa Me)KJly Bh!COKOM 3cp<peKTHBHOCThlO ,ne-reKTHpoBaHH» nettTpOHOB e(E) Ii BhlCOKHM 

BpeMeHHhIM (11, cne,noBaTeJibHO, 3HepreTl!'leCKIIM) pa3peweHneM. C ueJihlO COKpaI.1.1eHH» 

BpeMeHH Ha Ha6op CTanlCTHKH 6bIJIO OT,naHO npe,nnO'ITeHHe BhlCOKOM 3cp<peKTHBHOCTII 

,ne-reKTHpOBaHH» Hett-rpOHOB (60JihlllOM pa3Mep ,ne-reKTopa II Hll3Kllll nopor pernc-rpaUHH 

HMnyJihCOB). Yxy,nweHHe cpyHKUllll OTKJIHKa cneK-rpOMe-rpa KOMneHCHpOBaJIOCh npll 3TOM 

peweHIIeM CHCTeMbl llHTerpanhHhIX ypaBHeHHtt: 
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Em~ 

N, =S· f cI>(E)-eJE)·R,(E)dE, (4) 
Emin 

r,ne Ni - cqe-r B i-M Kanane annaparypHoro cneK-rpa, S - nnoI.1.1a.nh Topua ,ne-reKTopa, E1(E) 

- 3cp<peKTHBHOCTh pernc-rpaUHH Hett-rpOHOB ,ne-reKTOpOM npll nopore t, Ri(E) - Bepo»T

HOCTh perHc-rpau1rn HMnynhca OT Hefi-rpoHa c 3Heprnei1 E a B i-M KaHane annaparypHoro 

cneK-rpa. B Ka'leCTBe 3HepreTH'leCKOH cpyHKl.{Hll OTKJIHKa R;(E) 6panOCh HOpMHpOBaHHOe 

pacnpe,nenenne, nony'leHHOe ll3 BpeMeHHOH cpyHKl.{HH OTKJIHKa cneK-rpOMe-rpa, ,naHHhlX 

rpa,nyttpOBKll Ii 3aBHCllMOCTll t = f{E). 

B rnaae 4 onncaHbl KOHCTJlYKUHII MHOroccpepHoro cneKTpOMe-rpa Hett-rpOHOB, 

dE/dx-cneKTpOMe-rpa npOTOHOB Ii yCTaHOBKII no ll3MepeHHIO cneKTpOB Hett-rpOHOB H3 

MHllleHH no BpeMeHH npone-ra, Me'I'O,!lhl llX rpa,nynpOBKH, oco6eHHOCTll ll3MepeHHM, 

cpe,ncrna MOHIITOpHpOBaHH» CTyqKOB 'laCTHU. 

rpa,nyttpoBKa dE/dx-cn~KTJlOMe-rpa npoao,nHnach no npoTOHaM ynpyroro p-p 

pacce»HH» Ha ny'IKe npOTOHOB C 3Heprnei1 650 M3B. B Ka'leCTBe MllllleHett 

llCnOJih30BaJillCh TOHKa» nOJill3THJieHOBa» MllllleHb ll, 3KBHBaJieHTHa» eii no 'lllCJIY »,nep 

yrnepo,na, rpacpnToBa» (cpoHOBa») MHWeHh. ,[(AA o6ecne'leHirn oT6opa co6b1Ttttt ynpyroro 

pacce»ntt» Ha yron 0 no.n conp»lKennhIM yrnoM 0' K ~neK-rpoMe-rpy yc-ranaantteanc» 

TeJieCKOn CUllHTllJIJI»UllOHHhIX C'leT'IHKOB, KOTOpblll BKJIIO'laJICJI na COBna,neHHJI co 

cneRTJ)OMe-rpoM. B Pe3YJihTaTe rpa.nynpOBKll 6bIJia nOJIY'leHa 3aBHCllMOCTh 

3neproah1,nenenHii e LlE-,ne-reKTope (Csl(TI) TOJII.I.IHHOtt 2,4 MM) OT 3Heprntt npornuoa H 

onpe,neneHbl cpyHKl.{HH OTKJIHKa cneK-rpOMe-rpa B lllHpOKOM ,nHana30He 3Heprntt 

npOTOHOB. B pa6oTe npHBe,nenhI TaKlKe npHMephI ttcnonh3oBaHn» dE/dx-cneK-rpOMe-rpa 

,!lJIJI llCCJie,noBaHHM npoTOHHOro KOMnoHeHTa noneii ll3JIY'leHH» B pa3JIH'IHhIX CHryaUH»x. 

1103,nHee B Iicl>B3 ,nn» Tex lKe uenett 6bm co3,naH ~-E cneK-rpoMe-rp 3apRlKeHnhIX qac-rm-1 

(IlenewKo B.H.). 

OCHOBHhlMll npo6neMaMH npll ll3MepeHllll cneK-rpOB Heii-rpOHOB H3 MllllleHll na 

CHHXpO<pa30TJlOHe JIBAAJillCh: BpeMeHHa» CTPYKTYPa BhIBe,neHIIOrO nyqKa R,nep, HaJIH'IHe 

3Ha'IIITeJihHOro <pOHa pacceRHHhIX HettTpOHOB B 3KCnepHMeHTaJihHOM 3aJie ll KOppeKTHhIH 

pacqe-r 3<p<peKTHBHOCTll Heii-rpOHHOro ,ne-reKTopa. 3anycK cneK-rpOMe-rpa OT KalK,noro 

HaJieTaJOI.1.1ero Ha MllllleHb R,npa 12C npll HaJIH'lllH apeMeHHOH MllKpoc-rpyKrypbl CTyqKa 

-rpe6ye-r, 'IT06hI CllrHaJihl "c-rapT" COOTBe'I'CTBOBaJill O,!lHOMY e,nl!HCTBeHHOMY R,llpy B 

6aH'le H 6hmn oT,neneHhI ,npyr OT ,npyra Ha HHTepaan, 6onhIIIHH epeMeHnoro ,nttana3ona 

apeMR-aMnmrry,nnoro npeo6pa3oBaTeAA. ,[(AA o6ecne'leHHR 3Toro ycnoa1m H3MepeHH» 
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np0B0Al1Jil1Cb npH HH3KOH IIHTeHC11BH0CTl1 nyqKa 11 11cn0Jib30BaJiaCh 3JieKTJ)0HHall 

BbI6paKOBKa ClffHaJI0B "c-rapT'' OT HenyCThIX 6aHqefi, C0Aep)Kalill1X 6onee 0AH0r0 .!!Apa. 

cl>oH pacceHHHblX HettTpOH0B 113MepHJIC.ll n0A Ka)l(Ah!M yrnoM C MaCCIIBHbIM TeHeBhIM 

)KeJie3HblM nornOTHTeJieM, yCTaHaBJil!BaeMh!M Me)l(Ay Ml11I1eHblO II HeHTP~HHblM 

AeTeKT0p0M. 3cpcpeKT11BHOCTb pernCTPa1..11111 HettTpOHOB, H0pMaJibH0 naAa!OlIIIIX Ha T0pe1..1 

HeiiTpoHHoro AeTeKTopa (nnac-r11qecK11i1 c1..11rnT11JIJIHTop), paccq11Th1BaJiacb no nporpaMMe 

STANTON. 

,lvui ll3MepeHHH a6COJIIOTHOro q11cna qac-r111..1 B 3KCnep11MeHTax Ha nyqKax 

np11MeHHJIIICb pa3Jil1qHbie II0Hl!3a1..1110HHhle KaMepbl, pa6oTaJOlill1e B T0K0B0M pe)Kl1Me, 11 

TeJieCK0nhI C'-1IIHTl1JIAA'-1II0HHbIX CqeTq11K0B. ,lvrn HaAe)KH0ro M0HIIT0pllp0BaHHH nyqK0B 

HAep 6bIJia cne1..111anbH0 pa3pa6oTaHa BblC0K0qyBCTBIITeJibHall II0Hl13a1..1110HH8.ll KaMepa, 

pa6oq11i1 A11ana3oH KOTopott nepeKphIBaJI pa6oq11i1 AHanaJoH TenecKona 

CI..111HT11JIJIH'-1110HHblX CqeTql1K0B. 
/ 

HeAOCTaTOqH~ 1!HcpOpMaT11BHOCTb MHoroccpepHoro cneKTJ)0M~a B 06JiaCT11 

Bb!C0KHX 3Hepr11tt HeHTPOHOB .l!BAAeTC.ll ero 0CH0BHbIM HeA0CTaTK0M np11 113MepeHl111 

cneKTJ)0B HettTpOHOB Ha ycK0pl!TeJIHX. B pa3Hb!X HayqHhlX 1..1eHTPax AJI.ll ynyqllleHHH 

B0CCTaH0BJieHHH Bb!COK03HepreTl1qHOH qaCTII cneKTJ)0B HeHTPOHOB 11cn0Jib3yJOT pa3Hhle 

n0AX0Abl. TaK, B Hcl>B3 np11MeHHJil1Cb A0n0JIHl!TeJibHhie reTeporeHHbie 3aMeAJ]l!TeJil1 113 

non113T11JieHa, oKp~eHH0ro cnoeM MeTaJIJia (KpJOqKoB B.II. 11 AP-), B OIUIH B c11CTeMy 

ypaBHeHIIH BKJIJ0qan11Cb n0Ka3aHHH yrnep0AC0Aep)Kalilero aKT11Ba'-1II0HH0ro AeTeKTopa C 

noporoM 20 M3B. TeM He MeHee, 3Tl1 n0AX0Ahl He CHIIMaJOT AaHHYJO npo6JieMy B 1..1enoM. 

3ToT HeA0CTaT0K MHOroccpepHOH MeT0AIIKH CT11Myn11p0BaJI pa3pa60TKy H0B0ro cnoco6a 

cneKTJ)0M~l1ll HettTpOHOB B no= CMelllaHH0ro pacce.irnHoro 113JiyqeHI!.ll. JihIJI C03AaH 

HOBblH BblCOKOqyBCTBIITeJihHblH np116op AJl.ll onepaTl1BH0r0 113MepeH11.ll cneKTJ)0B, A03bl H 

cjJJIJOeHCOB BbIC0K03HepreTllqHblX HeiiTpoH0B B n0JIHX CMelllaHH0ro pacce.irnnoro 

ll3JiyqeHHH 3a 3alI111TaM11 ycKOpHTenen (II,ZJ;C no a66peB11aTYPe "noTOKOMep-A03HMeTp

cneKTJ)OM~"). B KaqeCTBe AeTeKTopa HettTpOHOB Bb!C0KOH 3Heprl!H 11Cn0Jib30BaJIC.ll 

ITJiaCT11qeCKHH C'-IHHTIIJIJIHT0P Ha 0CH0Be n0Jil1CTI1p0Jia o6beMOM 1574 cM3, 11MeBIIl11H 

cpOpMY Cl1MM~lfql{QrQ B0CbMHrpaHHHKa BpalileHHH, ~o npaKTnqecKH 06ecneq11BaJIO 

1130TP0nH0CTb np116opa. ,[(ereKTop C AByx nnoCKHX CT0p0H np0CMaTPl1BaJIC.ll ABYMH 

cpOTOYMHO)KIITeAAM11, BKJIJOqeHHbll\UI Ha C0BnaAeHHH, Cl1rHaJibl K0T0pbIX cyMMHp0BaJil1Cb 

3areM B cneKTJ)0M~uqeCKOM KaHane. Co BCex CT0p0H AeTeKTop 6hIJI 0Kp~eH BeT0-

cqeTql1K0M 113 nnac-rnqeCK0ro C'-1HHT11JIJ1HTOpa AAA pe)KeK'-11111 BHeUIHHX 3apH)KeHHhIX 
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qaCTH'-1. IlpHH'-l11nHaJibHOH oco6eHHOCTblO npu6opa .l!BJI.lleTC.ll cnoco6 113BJieqeHHH 

11HcpopMa1..11111 06 3HepreT11qecK0M pacnpeAeJieH1111 cpnJOeHca HeiiTpoHOB 113 

annaparypH0ro cneKTJ)a. ,lvui 3T0ro IICn0Jib3YeTC.ll 3aBl1C11M0CTb 3cpcpeKTUBHOCTl1 

AeTeKTHp0BaHHH Hei'rrpOHOB OT ypoBHH AHCKpHMHHa'-lllll HMnyJihC0B. PacqeT cpyHK'-IIIH 

0TKJIHKa 11 3cpcpeKTHBHOCTett AeTeKTopa np11 pa3JI11qHb!X noporax np0B0AHJIC.ll no 

MOAHcp111..111poBatttton nporpaMMe ST ANTON c yqeToM cttn)KettnH 3cpcpeKTHBHOCTH H3-3a 

caM03anpeTa per11CTPa1..11111 BeTQ-CqeTq11K0M AJIIIHHOnpo6e)KttblX np0AYKT0B 

B3aHMOAeHCTBIIH HeHTPOHOB B AeTeKTope, a TaK)Ke KpaeBoro 3cpcpeKTa. ,lvui 3aAaHH.ll 

noporoB per11CTPa1..11111 nMnynhC0B IIIKaJia attamBaTopa rpaAy11poBanach B eA11H111..1ax M3B 

3.3.3. (3KBHBaJieHTHOH 3ttepr1111 3JieKTJ)OHOB). IIocKOJibKy npn B0CCTaH0BJiettllll cneKTp0B 

BbIC0K03ttepreTI!qHblX tteiiTpottOB l!Cn0Jib30BaJIHCb Bh!C0KHe 3Haqettl!H nopor0B 

perHCTPa1..11111 11MnyJihC0B, TPaA11'-l110HHa.ll rpaAyHp0BKa AeTeKTopa no Kpa.l!M 

pacnpeAeJiettHH K0MnT0H0BCKHX 3JieKTJ)OHOB OT M0H03ttepreTnqecKHX raMMa-nCToqttllK0B 

6hma HeA0CTaT0qHa. rpaAynpOBKa BhIIT0JIHHJiaCh no MIO0HaM K0CM11qecKoro 

np0HCX0)l(AeHHH (co6npaJIC.ll BepTHKaJibHhIM TeJieCK0n 113 AeTeKTopa II,ZJ;C II AByx 

C'-1l1HTHJIAA'-1H0HHbIX CqeTqnKOB) II nyTeM 3aCBeTKII HettTPOHttoro AeTeKTopa OT 

CBeTOAII0Aa qepe3 AnacpparMy C KaJI116poBatttthlMl1 0TBepCTH.l!MH. 

BocCTaHOBJiettne cneKTJ)0B tteiiTpoHOB 0CylileCTBAAJI0Cb nYTeM pellleHH.ll Cl1CTeMhl 

HHTerpaJibHbIX ypaBHeHHH no aHanor1111 C MHOroccpepttbIM cneKTp0M~0M. Pa3JIHqne 

C0CT0.l!JI0 B TOM, ~o ll3MeHHeMbIM napaM~0M .l!BJl.l!JIC.ll He AHaM~ ccpep11qecKHX 

3aMeAJIHTeJien, a nopor pernCTPa1..11111 11MnynhC0B j. CHCTeMa HttTerpanhtthIX ypaBHett11i1 

Il,ZJ;C 3anHChIBaeTC.ll B BHAe: 

E= 

Si==P- f«l>(E)-ei(E)dE, j=l, .... ,m. 
E..., 

B neBon qac-r11 ypaBHeHHH CT0IIT CYMMa co6bITHtt Si B KaHanax annapaTYPttoro cneKTJ)a 

60Jibl~HX nopora j (3.3.3.). Bj{E) - 3ttepreTnqeCKall 3aBl1C11M0CTb 3cpcpeKTHBHOCTH 

pernCTPa'-IHH HeiiTpottOB c noporoM pernCTPa'-IHH j; P - nJI0lilaAh nonepeqttoro ceqeHHH 

AeTeKT0pa (P·e eCTb qyBCTBIITeJihH0CTb cneKTJ)OMCTPa); cl>(E) - 3ttepreTnqeCK0e 

pacnpeAeJieH11e cjJJIJOeHca HettTpOHOB. IIocKOJihKy B KaqeCTBe AeTeKTopa HCn0Jib30BaJIC.ll 

nnac-rnqeCKHH C'-IIIHT11JIJIHT0P, He o6naAaJOlil11H cnoco6HOCTblO HAeHT11cpHKa'-IHII 

HettTpOHOB II raMMa-KBaHT0B no cpopMe HMnyJihCa, MHHHMaJibH0e 3Haqettne nopora j 

BbI611panocb Ha yp0BHe 7-10 M3B 3.3.3. (B 3T0M cnyqae raMMa-KBaHTbl, BhlX0MlIIHe ll3 

3alIIHThI, npaKTnqecKn He pernCTPHPYJOTCH, T.K. nx 3tteprHH tte npeBhIIIIaeT 10 M3B). 
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CyMMapttoe CC'iCHIIC peaKIIIIH BbICOKO:rnepreTll'iHbIX HCHTpOHOB C o6pa30BaHIICM 

3apmKCHHblX 'iaCTIIII B CIIIIHTIIJlmlTOpe COCTaBJUieT COTHII MIIJUlll6apH, TT03TOMY np116op 

o6nap;aeT Bb!COKOH 'iYBCTBIITCJlbHOCTb!O (AO 1 IIMTT·CM
2
·HCHTPOH-

1
). MIIHIIMaJJbHOe )KC 

3Ha'iCHIIC AOCTOBepHO 113MCpllCMOf0 q>JJIOCHCa HCHTPOHOB onpep;eJUieTCll, f~ilBHblM 

o6pa30M, 3q>qJCKTIIBHOCTb!O 3anpera pernCTPaf..\1111 3apll.lKCHHblX qaCTIIII oxpaHHbIM 

CIIIIHTIIJlmITOpOM. fuMepeHllll, BbinOJIHCHHbie C I"I)];C, pa3MCl.f..\CHHbIM BHYTPII 

HH3KOqJOHOBOH 3al.f..\11Tbl, TT03BOJIIIJIII 01..\CHIITb 3TO 3Ha'iCHIIC B (3-4)· 10
4 

HCHTPOHa·CM-
2
·c-

1
. 

B nOCJIC,l];HIIC HCCKOJlbKO JleT pe3KO o60CTPIIJ!Cll IIHTepec K 113MepeHllll.M cneKTPOB 

HCHTpOHOB KOCMll'iCCKOfO npo11CXO)K,IJ;CHl!ll. B CBll311 C B03HIIKIIICH npo6neMOH 

npoqiecCIIOHaJJbHOfO o6ny•ICHl!ll. rpa)K)];aHCKIIX TTIIJIOTOB, peryJJllpHO BbinOJIHll!Ol.f..\llX 

AaJJbHIIC nepeJJeTbl Ha 60JJbllIIIX Bb!COTaX. BbICOKall qysCTBIITCJlbHOCTb np116opa 

n03BOJllleT 6hICTp0 113MCpllTb HCHTpOHbl KOCMll'iCCKOfO q>OHa p;alKe Ha ypoBHC MOpll II 

01..\CHl!BaTb BKJJaA 3aplllKCHHOH KOMl10HCHTbl. H3MepeHllll. C 110MOl.f..\bl0 I"I)];C 

Bb!COK03HepreTll'iHOH qaCTII cneKTPa HCHTPOHOB KOCMll'iCCKOrO npOIICXO)K,IJ;CHllll. 6blJIII 

BbinOJIHCHbl p;Ba)K)];hl, JleTOM 1984 r. 11 OCCHb!O 1988 r. B nepllO,l];bl yMepeHHOH COJIHC'iHOH 

aKTIIBHOCTll. H3Mepemrn npoBOAllJIIICb Ha Tepp11Top1111 OHJill (Bb!COTa HM ypOBHCM 

MOpll - 125 M, ceB. umpoTa 57°) B nepepbIBax pa60Tbl ll.ACPHO-ql11311'1CCKIIX yCTaHOBOK. 

BocCTaHOBJJCHHbIH 110 110Ka3aH1rnM I"I)];C cneKTP HCHTPOHOB np11sep;eH Ha p11c. 15. 

)J:aHHbIH cneKTP (B ep;11H11I1ax ct>(E)xE) 06HapylK11BaeT MaKCIIMYM B pattoHe 120 MJB, KaK 

11 BO MHOfllX "lKeCTKIIX" cneKTpax HCHTPOHOB 3a 3al.f..\llTaMII ycKOPIITCJICH. 
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P11c. 15. 3HepreTll'iCCKIIC qJJIIOCHCbl 

HCHTPOIIOB KOCMll'iCCKOfO npo11c

XO)K)];CHl!ll. y noBepxHOCTII 3CMJIII. 

C11JJOIIIHb!C JIIIHIIII - rpaHIIIlbl KOpH

p;opa norpeIIIHOCTeH cneKTPa, H3Me

peHHoro I"I)];C B _lfy6He 12.09.88 r.; 

rryHKTIIP - cneKTp, 113MepeHHbIH 

MHOfOCq>epHblM CTTCKTPOMCTPOM B 

EpayHIIIBettre (Alevra AV. et. aL, 

JleTO 1997 r.), 11 HOpM11poBaHHblH Ha 

MaKCIIMYM c11eKTPa B )J:y6He). 

0 SJ 100 1SJ 2JJ 2:IJ nJ :HJ 400 4SJ 
B 113MepeHllll.X 1988 r. 6hmo 

3Hepnlll, M3B TTOJJY'iCHO 3Haqe1111e MOl.f..\HOCTII q>JJIOCH-

ca KOCMll'iCCKIIX HCHTPOHOB C :rneprneH 6onee 32 MJB paBHOe ( 4,81 ± 0,56)-10-
3 

CM-
2

-c-
1

. 
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Cl>JJ!OCHC 3apll.lKCHHOfO KOMTTOHeHTa B 3TOM )KC H3MepeHIIII COCTaBIIJI l,7·10-
2 

CM-
2

-c-
1
. 

BKJJM HCHTPOHOB c 3Hepr11e11 6onee 32 MJB B 110J1HbIH q>nIOeHc KOCMll'iCCKIIX nei1TP0HoB 

COCTaBJUieT - 30 %, T. e. CTTCKTP KOCMll'iCCKIIX HCHTPOHOB OTHOCIITCll K KJJaccy AOCTa

TO'iHO 11 lKCCTKIIX" p;a)Ke cpep;11 ycKOPIITCJlbHbIX CTTCKTPOB. 

BHA q>yHKIIIIH OTKJ111Ka I"I)];C E:j(E) no3BOJUieT nop;o6paTh TaK11e IIX n11nettnb1e 

KOM611HaI1IIH, KOTOpbie YAOBJleTBOpl!TeJlbHO OTTHCbIBa!OT XOA 3HepreTll'iCCKIIX 

3aBIICHMOCTeH yp;eJJbHbIX MaKCHMaJJhHOH II aM611eHTHOH A03 HCHTPOHOB hm(E) n h*(E), 

T. e. Lai· i::i(E)"' hm IIJJH h*(E) BO BCeM 3HepreTH'iCCKOM p;11arra30He. CoorneTCTBenno, 
j 

A03bI H.n 11nn H*(lO) cneKTPa HCHTPOHOB ct>(E), 011pe,neJU1eMb1e KaK H = f ct>(E) • h(E)dE, 

B 3TOM cnyqae MOryT 6b!Tb onepaTIIBHO onpep;eJJCHbl Henocpe,nCTBCHHO H3 ITOKa3aHIIH 

I"I)];C 6e3 BOCCTaHOBJJCHllll. cneKTPOB HCHTPOHOB. AHanor11'iHO, JJIIHCHHall. KOM611HaI1llll. 

q>yHKIIHH 1103B0JllleT ITOJIY'fl!Tb KBa3llITOTOKOMep HCHTPOHOB B ,[(llal1a30He 3Heprni120-500 

MJB (pnc. 16). 

1,0 

0,8 

0,6 

0,4 

0,2 
, 23 M,B 

0 ,r--
100 200 300 400 

P11C. 16. Cl>yHKilllll. 'fYBCTBIITCJlbHOCTII KBa3H

TTOTOKOMepa Ha OCHOBe I"I)];C. 

B TC'iCHHe HCCKOJlbKIIX JleT I"I)];C 

npllMCHllJICll. ,[(JUI H3MepeHHH CTTCKTPOB 

paccell.HHbIX HCHTPOHOB _B rromix q>a30TPOHa 

11 cnHXpOq>a3DTPOHa OHJill. Hccnep;oBanacb 

TaK)Ke B03MO)KH0CTb BOCCTaHOBJICHllll. 

500 cneKTPa HCHTPOHOB 110 coBMeCTHbIM 

3Heprm1, MJB 
nOKa3aHllll.M MHOrocqiepHoro CTTCKTPOMCTPa 

n I"I)];C. ct>yHKIIIIH 'fYBCTBIITCJlbHOCTH o6ellX MeTOAIIK xopOIIIO ,[(OTTOJ!Hll!OT ,npyr p;pyra, 11 

B p;naITa30He 3HeprnH 50-200 MJB !IX ITOBC,[(CHlle Kap,n11HaJJbHO OTJlll'iaeTCll. IloJJY'fCHHbIC 

Pe3YJJbTaTbl nOKa3aJJH nepcneKTIIBHOCTb o6oe,l];HHCHl!ll. MeTO,l];IIK ,[(JUI BOCCTaHOBJICHllll. 

crreKTPOB HCHTPOHOB B IIInpoqattIIIeM p;nana3one JHeprnH. 

B rnaee 5 onncaHbl MeTO,[(ll'iCCKlle pa3pa6oTKH, BbinOJIHCHHb!C ,[(JUI per11CTPaI1IIH 

HCHTPOHOB B 3KCTPeMaJJbHbIX ycnoBllll.X - rrpn O'iCHh KopoTKOH .[(JIIITCJJhHOCTn 11MrryJ1hca 

H3JJY'iCHllll. 11 np11 BbICOKOH MOl.f..\HOCTll corryTCTByIOlf..\ero raMMa-q>oHa. AM pap;nOMCTPHII 

HCHTPOHOB B ycnoBllll.X KopoTKOH ,[(JIIITCJJhHOCTll nMrryJJhCa H3JJY'iCHHll. np11 pernCTPaI111n 

HCHTPOHOB Ha OTTbITHOll yCTaHOBKe TepMOll.,[(epHoro CIIHTC3a 6blJI llCTTOJlb30BaH MeTO,[(, 

CO'ieTa!Olf..\llll s ce6e npeHMYlf..\CCTBa KaK aKTIIBHOro, TaK n rraCCllBHOro MeTOAOB 
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pen1c-rpa1.11u1 113.JIY'IeHIDI. HeirrpOHbl TepMaJill30BblBaJIIICb B TI0Jlll'.lTIIJJeH0B0M 

3aMe,!UIIITeJJe pa3MepaMII np11MepH0 45x30x30 CM
3 

II 3aTeM B3aJIM0,!1elfCTBOBaJIII C 

aKTIIBaQII0HHbIM ,!1eTeKT0p0M B BJl,!1e TIJJaCTJIHbl 113 Ha-rypaJibH0ro IIH,!111.ll (p11c. 17). 

OCHOBHO!f BKJ!a,11 B TI0Ka3aHIDI np116opa ,11a10T ,!1Ba o6pa3yIOI..QIIXC.ll 1130T0na -
49

ln116 II 

iiiiiiiii 

P11c. 1 7. CxeMaTw1ecK1111 B11.11 pa,11110MeTpa 

6hIC'I'J)blX HelfTPOHOB Ha 0CH0Be In-,11eTeKTopa s 

3aMe.rimnene. 

49
ln116m2, K0T0pbie IIMelOT K0p0TKJle nep110,!1bl 

nonypacna.ria (14,1 c 11 2,16 c) np11 6onhIIIIIX 

ceqeH11.l!X 

HelfTPOHax. 

o6pa30BaHIDI 

3neKTPOHbI 

Ha TeTIJJ0BblX 

pernc-rp11pyIOTC.ll 

.!1BYM.ll ra30pa3p.!!,!1Hb!MII 6eTa-cqeTqJ1KaM11 

C.ST-10, CM0HTllp0BaHHbIMII BTIJI0THyIO no o6e 

CT0p0Hbl ,!1eTeKTopa. HmKH.ll.ll ::i11epreT11qecKa.ll 

rpaH11Qa ,!1eTeKT11pyeMblX '.lJJeKTP0H0B - 50 K3B. An» ,!10CTm1ce11ID1 MaKCJIMaJ!bl!Olf 

qyBCTBJITeJlbll0CTJI pa,!1110MeTpa K 11e1ITp0HaM ero K0HC'I'J)YKQIDI 6h1Jla 0ITTIIMll311p0Bana. 

An» 3a,11a1111011 reoMeTpllll "11CToq1111K-np116op" 0Ka3aJI0Ch 1.1e.riecoo6pa3HbIM pa3Me1..Qe1111e 

,!1eTeKTopa B nepe,11He!f qaCTII 3aMe,!1JJJITeJl.ll, C TeM, qT06bI ,!1eTeKTop perHCTPIIP0BaJI, 

rnaBHbIM o6pa30M, o6paTHO pacce.l!HHbie He11TpOHbl. JTO 06ecneq11no BbIC0KyIO 

'IYBCTBJITeJlbll0CTb ,11aH11oro MeT0,!1a np11 TIOJll!Olf He3aBIICIIM0CTII OT BpeMeHHOlf 

c-rpyK-rypb1 HelfTPOHHoro 113.JIY'IeHIDI. TaK, .!1AA cneKTPa HelfTPOHOB 11cToq1111Ka 
252

Cf 

qyBCTBIITeJJbH0CTb pa,!1110MeTpa C0CTaBJIJla ~ 4 IIMTI·CM
2
·HeirrpoH-I _ 

l(aTqllKII aBT0MaTH311p0BaHHbIX CHCTeM pa,1111aQII0HH0ro K0HTP0Jl.ll B MeCTax 

xpaHeHIDI ,11eAAI..QIIXC.ll BeI..QeCTB ,!10Jl)l(Hbl per11c-rp11poBaTb 0TH0CIITeJJbH0 cna6bie TI0T0KII 

HeHTPOHOB cnoHTaHH0r0 ,11ene11ID1 B npllCYTCTBllll M0I..QH0fO raMMa-cpona (.110 HeCK0JlbKJIX 

KP/qac). Hcnonb3yeMbie Ha 3ana.rie .!1AA '.lTIIX Qeneii ra3opa3p.!!J:1Hhie nponop1.1110HaJihHh1e 

cqeTqllKII Ha 0CH0Be 
3
He II !OB TIJI0X0 pa6oTalOT B '.lTIIX ycn0Bll.l!X. B Pocc1111 6b!JI 

pa3pa6oTaH cne1.111anbHb111 su,11 ra3opa3p»,11Horo cqeTq11Ka, pa60Ta10I..Qero B pe)K11Me 

K0p0HH0ro pa3p.!!,!1a (CTaQIIOHapHOH cpopMbl caM0CT0.l!TeJJbl!0ro pa3p.!1,11a), K0T0pbllf ne 

np0113B0,!111TC.ll II npaKT11qeCKII Hell3BeCTeH 3a py6e)KOM. B Pocc1111 K0p0HHbie cqeTqllKII 

Me,!UleHHbIX HeHTPOHOB np0H3B0,!1.l!TC.ll KaK C aMopcfJHbIM 6opHbIM pa,1111aTopoM II 

HanoJJHeHl!eM CMeC.l!MII "Herac.lll.QIIX" ra30B, TaK II C HanoJJHeHJleM 
3
He. B qaCTH0CTII, Ha 
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0CH0Be K0p0HllbIX cqeTqJIK0B HeHTP0H0B C03,!1aHbl ,11aTqJIKII HelfTPOHOB 

aBT0MaT113llp0BaHHbIX CIICTeM pa,1111aQH0HH0r0 K0HTp0JJ.ll Ha ycK0pl!TeJJ.l!X OIUI.H. 

DOJ!bllla.ll aMnm1-ry.11a IIMnyJJbC0B K0p0HHbIX cqeTqllK0B TI03B0Jl.lleT Ha,!1e)KH0 

,!1JICKp11MIIH11p0BaTb raMMa-KBaHTbl np11 cyI..QeCTBeHH0 66JJbIIIIIX yp0Bll.l!X MOI..QHOCTe!f ,!103 

no cpaBHeHIIIO c nponop1.1110HaJibHbIM11 cqeTqnKaM11. IIo 3aKa3Y MAr AT3 6brn11 

npose,11eHbl cpaBHl!TeJlbHbie JICCJ1e,110BaHID1 xapaKTepHCTIIK pa3JJllqHbIX cqeTqllK0B B 

TI0Jl.l!X Heirrp0H0B C Bb!C0KIIMII ypoBll.l!MII raMMa-cpona II 0ITTJIMll311p0BaHbl K0HCTPYKI.11111 

,11aTqllK0B 11eirrpo110B ,!1Jl.ll pa60Tbl, KaK B B03.!1YIIIHOH, TaK II B B0,!1HO!f cpe.rie. 

Hccne,110BaHJ1e BJIIDIHll.ll raMMa-cfioHa Ha pa6o-ry cqeTqllK0B np0B0,!111JI0Cb Ha 

TepaneBTJlqeCKOH raMMa-yCTaH0BKe "PoKYc-M" KJIIIHIIKO-cp11311qecKoro K0MTIJJeKca C 

aKTIIBH0CThlO 11CToqH11Ka 
60
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MOIIIHOCTL ,!103bl y-KBaIITOB, P-•11 

P11c. 18. 3aBIICJIMOCTb qyBCTBJITeJlbHOCTe)1 

HeiiTP0HHhIX cqeTq11K0B CHM-32, RS-P4-0810-

204 11 RS-P7-0812-117 OT M0I..QH0CTl,1 

3KCTI0311QIIOHHO!f 

raMMa-113JJyqeHIDI. 

,!103bl C0UYTCTBYIOI..Qero 

MOI..QHOCTII 3KCTI0311QIIOHHOH ,!103bl raMMa

KBaHT0B C0CTaBJl.l!JIII 3,5; 22,4; 363,6 11 1740 

p,qac-
1
. Pe3yJJbTaTbl cpaBHeHIDI qyBCTBIITeJJb

llOCTelf K0p0HHoro cqeTq11Ka CHM-32 11 

nponopQII0llaJ!bHbIX ra30pa3p.!!,!1HblX cqeTqJIK0B 

Ha ocHoBe 
3
He (RS-P4-08 l 0-204) 11 

10
B (RS-P7-0812-l l 7) cp11pMbI Reuter-Stokes (CIIIA) 

npe,11CTaBJ1eHbl Ha p11c. 18. Bll,!1HO, ~o Haq11Ha.ll C yp0Bll.ll 3KCTI0311QIIOlll!Olf ,!103bl ~ 100 

p/qac 0TeqeCTBel!Hbie K0p0HHbie cqeTqJIKII ne IIMelOT K0HKYpeHT0B. IIo ::icpcfieKTIIBIIOCTII 

)Ke per11c-rpa1.11111 HeirrpoHOB K0p0HHbie cqeTqllKII BTI0JJHe cpaBHIIMbl C 

nponopQII0HaJ!bHblMII ren11eBbIMII cqeTqJIKaMII. EI..Qe 0,!1HIIM npellMYI..QeCTB0M K0p0Hl!bIX 

cqeTqJIK0B .l!BJl.lleTC.ll B03M0)KH0CTb nepe,11aq11 IIMnyJJhC0B 6e3 npe,11Bap11TeJ1bH0ro 

yc11J1eHID1 113 30Hbl C 60JJbIIIIIMII yp0Bll.l!MII MOI..QIIOCTeH ,!103 Ha 60JJbIIIOe paCCT0.l!Hlle, 

TI0CK0JJbKY pa,1111a1.11101111a» CTOHKOCTb '.lJJeMeHT0B npe,11yc11J111TeJl.ll .l!BJl.lleTC.ll cepbe3HO!f 

npo6JJeMOH .l1Jl.ll .ria~IIK0B Ha 0CH0Be nponopQII0HaJ!bllbIX cqeTqllK0B. l(Jl.ll pa60Tbl B 

CIICTeMax K0ttTp0Jl.ll MAr AT3 B TI0Jl.l!X c M0I..QHblM raMMa-cfioHOM 6brn pa3pa6oTaHbl 

repMeTJ1q11b1e Bb!H0CHbie .ria~IIKJI HeHTPOHOB Ha 0CH0Be 0TeqecTBeHHbIX K0p0HHbIX 

cqeTq11K0B CHM-18 11CHM-11. 
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r JJasa 6 rroca»I..QeHa qin3114ecK0My 06ecrre'leH11JO pa.zino6nonorn4ecK11x 

JKCrrep11MeHT0B Ha ycK0pHTene TH)l(eflhlX penHTIIBIICTCKIIX H,lep. C Ha'lan0M pa60Tbl 

HyKnoTPoHa OIUIH Ha <pH3H4ecK11e JKcrrepnMeHThI co3,1anach yH11KanhHaH B03M0)l(H0CTh 

M0,lennpoBaHHH B 3eMHblX ycn0BHHX pa,1no6nonorn4ecKHX 3<p<peKTOB, B03HHKaJOI..QIIX IT0,I 

,1eiiCTBHeM ranaKTll'leCK0l'O K0CMl!4eCK0l'O H3ny4eHHH. B HaCT0HI..Qee apeMH B03M0)1(Ha 

pa6oTa Ha HyKnOTpoHe C ».zipaMI! ,10 Fe BKnl04IITenhH0 C 3HeprHHMH ,10 3 r3B/HyKnOH. 

CoOTBeTCTBYJOI..QHM BbI6opoM 3ap».zia H 3Hepr11H 4aCTHll M0)l(H0 M0,lennpoaaTh CITeKTP 

nHHel!HbIX rrepe,1a4 3HeprnH (JIII3) B ump0KIIX rrpe.zienax (OT~ 0,2 KJBIMKM ,10 ~ 200 

K3BIMKM). B Te'!e1me 1998-2004 rr. Ha HyKnoTpOHe 6bm11 BhmonHeHa cepHH 

3KCrrep11MeHTOB ITO o6ny4eHHIO fll!MqJOUHTOB rrep11¢ep114eCKOH Kp0BH qenoBeKa H 

KyflhTYP MneK0ITHTalOI..QIIX B rryqKax ».ziep C pa3nH4HblMII JIII3 (rn6n11ua 1). 

Ta6nnua 1. Pa.zi110611onorn4ecK11e JKcrrep11MeHThI Ha rryqKax ».ziep HyKnOTPOHa. 

R,lpa p He C C Mg Ar Fe 

3tteprHH, 1,0 0,5 1,0 0,475 0,5 1,0 1,25 
f::iB/ttyKJIOH 

Loo B KpOBH, 0,233 1,157 8,40 10,65 39,62 75,5 151,4 
KJB·MKM-I 

IlOCKOflbKy 3Ha4em1e rrornoI..QeHHOH ,103bl rrporropunoHanhHO IT0T0Ky ».ziep, TO .zin» 

o6ecrre4eHHH paBeHCTBa ,103bl B rrpe.zienax o6naCTH rrp0CTPaHCTBa, KOTOPYJO 3aHHMaeT 

611onor114ecKnii 06p33eu, rrp11 o6nyqeHHH qiopMnpoaanach reoM~HH "lll11p0Koro" rry4Ka 

{KE3311ITflOCKOe ,1030BOe none) ITYTeM pacqioeycnpOBKII rry4Ka ».ziep. CxeMaTH4eCKHH BH,I 

yCTaH0BKll ,lnH o6nyqeHHH pa.zi110611onorH'leCKHX o6oeKTOB ITOK33aH Ha p11c. 19. 

MHororrposoJio4HaJI I l l AKTHBa11HOH11I,1e 
HOHH3al1HOHHaJI KaMepa i i ,11e-reicropbl 

II \ -"•~n 

~~:c>~F3 J. r :ri---=="'-~ec,C'f'if :~:i ~11 

Marmrrm1e JIHH3bI 

.110HOIIp0B0,!1 

;; KaMepa 

Pac. 19. CxeMa yCTaH0BKH ,1n» 

o6nyqeHHH 6nonorn•1ecKnx 

o6p33UOB Ha rryqKax ».ziep 

HyKnoTPoHa OIUIH. 

IIyqoK qiopMnpyeTc» 

TallM o6p330M, 4T06hI B rrpe

enax 3TOH o6naCTH 0,IHOpo,1-

0CTb ITOnH ITO OCHM X H Y 

coCTaan»na ± 5 %. H:mepeH11e 

ITOTOKa »,1ep rrpOH3B0,IHTCH crreunanbHOH H0HH3aUIIOHHOH MOHHTOpHOH KaMepoii C 

p33MepaMH 4YBCTBHTenhHOH 06naCT11 42 X 42 MM
2

, p33MeI..QaeMOH B ITY4Ke rrepe,1 

o6nyqaeMbIM o6oeKTOM. 3apH,1, co611paeMblll Ha 3neKTP0.zle KaMepbl, KBaHTyeTCH Ha BXO,le 
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rrpeo6p33oBaTen» T0K-4aCTOTa II KOflll'leCTB0 BbIX0,IHblX IIMrrynhC0B rrpeo6p330BaTen» 

rrporropu110HanhHO cyMMapHOMY 3ap»ey, T. e. 3Hepr0Bhl,leneHIIIO 4aCTllll B KaMepe. 

Pnc. 20 ,1eMOHCTPIIPYeT mrneiiHYJO 3aBHCHM0CTb 4YBCTBHTenhHOCTII KaMepbl OT JIII3 

,~, 
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».ziep. 

PHc. 20. PeJynhTaTbI rpa,1y11poaK11 

MOHlITOpHOH KaMepbl Ha ITY4Kax ».ziep 

HyKnOTPOHa. 

IIp11 ycnoaH11 co6nJ0,1emrn 

3neKTP0HHOro paBHOBeCHH B 06p33ue 

" rrpeHe6pe)l(IIMOH MM0CTII ITOTepb 

3Hepr1111 '!aCTHU 3a C4eT !IX 

B3al!MO,leHCTBHH C ».zipaMH BeI..QeCTBa, 

rrornoI..QeHHaH ,I03a D ,lnH MOH03HepreT11'1eCKHX 4aCTHU MO)l(eT 6hITb orrpe,1eneHa KaK: 

D = N · dE Ip , r.zie N - rroT0K 4aCTHU ( CM-
2
), rrpollle,l!lIHX 4epe3 o6p33ell 3a apeM» 

dx. dE 
3KCIT0311U1111; dx e / p - MaCCOBaH 3neKTPOHHaH T0pM03HaH crroco6HOCTb BeI..QeCTBa ,lnH 

4aCTIIU C 3Hepr11eii E. IloK33aHO, 'ITO ,lnH l!CIT0nb3yeMblX B o6nyqeHll»x 611onor114eCKHX 

o6p33UOB ycnoBHH 3neKTP0HHOr0 paBHOBeCHH BbIITOnHHIOTCH C BbICOKOH T0'IHOCTblO. 

Orrpe.zieneHbl rrorrpaBKII K rrornoI..QeHHOH ,103e rrpOT0HOB II H,lep Ha !IX 

H,lepHoe B3aHMO,leHCTBlle C BeI..QeCTB0M o6p33UOB. 

OCHOBHhlE HAYlIHblE II IIPAKTWIECKME PE3YJibTAThl 

1. Hccne,10BaHbl ,111¢¢epeHUIIMbHbie II IIHTerpanbHbie xapaKTepHCTIIKII 3ap»)l(eHH0ro II 

HettTPOHHOro KOMIT0HeHTOB rroneii BTOp114HOrO 113ny4eHHH BOKpyr T0flCTb!X MllllleHeii, 

IIMHTIIPYJOI..QHX ,leTMII YCKOp!!Teneii, rrp11 o6nyqeHIIII HX rrpoTOHaMII, Mb<pa-

4aCT11uaM11 II ».zipaMH yrnepo.zia BbICOKHX 3Heprntt Ha qJ330TPOHe II CIIHXpO<p330TPOHe 

OIUIH. Brrepab1e 6bm11 rronyqeHhI 3Kcrrep11MeHTanhHh1e ,1aHHh1e no crreKTPanhHO

yrnoBhIM BblXO,laM HettTPOHOB 113 TOnCTOH Me,IHOH MllllleHH, 60M6ap,111pyeMOH 

BbIC0K03HepreTH4HblMII H,lpaMII 
12

C, a TaK)l(e crreKTPMhH0-yrn0Bhie pacrrpe,1eneHIIH 

HeHTPOH0B B ,111arraJ0He 3Heprnii OT ,1eCHTK0B KJB B0Kpyr TOnCTOH CBIIHUOBOH 

MllllleHII IT0,1KpHT114eCKOH c6opKH. BhlrrOnHeHHhie 3Kcrrep11MeHThl 06na,1aJOT 

,IOCTaTO'IHOH rronHOTOH IICXO,IHOH IIH<pOpMau1111 II MOf'YT IICITOflb30BaThCH ,lnH 

rrpoaepKH rrporpaMM II MO,ICJICH p33BHTHH B BCI.QCCTBC MC)l('bJ!,ICpHoro KacKa.zia, 

IIHllllllllpOBaHH0l'O rrpoT0HaMH II H,lpaMH. TaK11e rrpoaepKH 6hIJIII ocyI.QeCTBneHbl .zlnH 
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Pll/:la nporpaMM no pacqe-ry Bb!XO):la H3Jly"leHHll H3 TOJICTblX Mfllne11ei1. 

3KcnepuMeHTaJJbHbie ):laHHbie, nonyqeHHbie Ha nyqKax peJll!THBHCTCKHX ll):lep, 

HCil0Jlb30BaHbl npn pa3pa60TKe <peHOMeHOJJornqecKOH MO):leJIH npor110311poaa1111l! 

paJ-1na1..1noHHOH o6CTaHOBKH Ha c11HXpo<pll30TPOHe, YKTH n Hyi<JIOTPOHe OIUlli. 

3KcnepuMeHTaJJbHbie ):laHHbie no xapaKTepHCTHKaM nOJlll BOKpyr CBHHI..IOBOro 

cepJ-1e'IHl1Ka, o6nyqaeMoro IlyqKOM npOTOHOB, HCnOJJb30BaJJIICb np11 npoeKT11poaa111111 

OilbITHOH :rneKTPOMepHOH ycraHOBKII Ha OCHOBe <pll30TPOHa JUIII (nOJ-IKPHTH'!eCKOH 

c6opKu SAD). 

2. U:nKJJ 11CCJle):IOBaHHH nonen paccel!HHOro H3JJY'leHl1ll 3a 3a11..1HTaMH <pll30TPOHa H 

C11HXpO<pll30TPOHa OIUilf n03B0JIHJI Bbll!BHTb Plll-1 3aKOHOMepHOCTeH H MexaHH3MOB 

<popMnpoaa11Hll nonen B pa3JJl1'1HbIX ycnOBHllX. 3Kcnep11MeHTaJJb110 onpeJ-1eneH BKJJaJ-1 

3apll)l(eHHOro KOMilOHeHTa B IlOJIHblH . <pmoeHC aAPOHOB 3a 3a11..1HTaM11, H3yqe11 

xapaKTep yrnoBbIX pacnpe):leJJeHHH Bb!XOJ-lllll..lHX H3 3all..lHTbl npOTOIIOB, onpe):leJJeH 

):1Hanll30H B03M0)1(Hb!X aap11a1..111n cneKTPOB paccel!HHblX HeHTPOIIOB B 3aBHCHMOCTII OT 

pe)l(HMOB pa6oTbl ycKOpHTeJJeH 11 reOM~Hll 06nyqe11Hll 3all..lHTbl. y CTaHOBJleHHblH 

BHJ-1 yrnoBbIX pacnpe):leJJeHHH ttyKJIOIIOB YTe'IKH 113 3all..111Tbl n03B0JllleT YTO'IHHTb 

pac'leTbI pacnpoCTPaHeHHll H3nyqeHHH ao a11ern11en cpe,:ie BOKpyr ycKopuTenen. B 

6ll30BOM 3KCnepnMeHTe no <pH3HKe 3aIUHTbl 11a <pll30TPOHe BnepBbie 6blJll1 H3yqeHbl 

/:IBOHl!ble J-IH<p<pepeHI..1HaJJbHbie xapaKTepHCTIIKl1 nOJlll paccel!HHoro H3JJyqeHHl!. 

L(aHHbie 3TOro 3KCnepuMeHTa n03B0Jll!IOT ocyIUeCTBHTb npoaepey MeTOJ-10B paC'leTa 

3aIUHTbl H nporpaMM TPaHcnopTa H3JJyqeHHH qepe3 MaCCHBHbie CJIOH BeIUeCTBa 

Pe3YJJbTaTbl HCCJJe):IOBaHl1H n03BOJIHJll1 ynyqlllHTb /:IOCTOBep110CTb pa):IHal..lHOHHOro 

KOHTPOJ!ll Ha ycKopHTeJll!X OIUilf II 01..1eHHTb BKJ!a):I pa3JJH'!Hb!X KOMnOHeHTOB nOJlll 

paccel!HHOro H3JJyqeHHl! B 3KBHBaJJeHTHY!O J-103Y H noKll3aHHll J-103HM~OB. 

3. Co3):laHHbie onopHbie nOJlll HeHTPOHOB l!BHJll1Cb HOBbIM ' nOJ-IXOJ-IOM K 

M~OJIOrH'leCKOMY o6ecneqeHHIO paJ-111a1..1110HHOro KOHTPOJ!ll Ha ycKop11TeJll!X. L(nll 

Toro, 'IT06b1 pacrnnpHTb 3HepreT11qecKnn J-1Hanll30H onopHbIX nonen 11ettTPOHOB, 6bmH 

C03):laHbl onopHbie nOJlll He TOJlbKO Ha OCHOBe 1130TOilHOro HCTO'IHHKa 
252

Cf, HO H 11a 

fia3e peaJJbllbIX nonen H3JJyqeHHll Ha <pll30TPOHe Ha 3HeprHIO npoTOHOB 660 M3B. 

OnopHb!e IlOJlll 11Cil0Jlb30BaJJHCb J-IJ!ll CJIH'!el!Hl! cpe):ICTB H MeTOJ-IHK pa):IHal.(HOHHOro 

KOHTPOJ!ll OIUilf, l1<l>B3, l1A3 (IIoJJbllla), HCCJJe):IOBaHIIll XaJJaKTepHCTl1K H OTKJIHKa 

PaAHal..lHOHHbIX ):leTeKTopoB, rpa):lyHpOBKH pa):IHOM~OB 11 ):103HM~OB HeHTPOHOB. 
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4. Pll3B11Tbl MeTOJ-IIIKII PaAHOMeTpHH If cneKTpOMeTpHH HeHTPOHOB H 3apl!)l(eHHblX 

qaCTHI..I B nOJll!X BTOpH'IHOrD H paccellHHOrD 113JJY'leHHll Ha ycKOpHTeJll!X. Co3):laH He 

HMelOIUIIH aHaJJOrDB BbICOKO<JYBCTBHTeJlbHblH npn6op J-IJ!ll H3MepeH1Ill cneKTpa, 

<pJJIOeHCa H ):103bl BbICOK03HepreTH'IHbIX HeHTPOHOB. C nOMOlllblO 3TOro npn6opa 

113MepeH cneKTP BbICOK03HepreTH'IHbIX HettTPOHOB KOCMH'!eCKOrO npoHCXO)l(J-leHl1ll y 

noaepxHOCTH 3eMJJH. IlOKll3aHa Ha npnMepe pa3JJH'!Hb!X 3KcnepHMeHTaJJbllblX MeTOJ-IHK 

y11naepcaJJbHOCTb H l.(eJJecoo6pll3110CTb BOCCTaHOBJJeHHll cneKTPOB H3JJyqeHHll OYTeM 

perneHHll CHCTeM HHTerpaJJbHbIX ypaBHeHHH B CJJY'lal!X nnoxoro 3HepreTH'leCKOro 

pa3perneHHll HJIH oco6oro BH):la <pyHKl.(HH qyBCTBIITeJJbllOCTH. IlOKll3aHa B03M0)1(110CTb 

ycnernHoro 11CnOJlb30BaHHl! MHOrOC<pepHoro cneKTpOM~a B H3MepeHHl!X BTOpH'lllbIX 

HettTPOHOB H3 MHrne11en B 3KCnepHMeHTax 11a nyqKax '!aCTIII.(. Pa3pa6oTaHbl 

PaAHOM~bl HeHTPOIIOB J-IJlll pa60Tbl B 3KCTPeMaJJbllbIX ycJJOBHl!X (HMnyJJbCllall 

TepMOl!):lepHall yCTaHOBKa H paJ-1HaI..1HOllllblH KOHTPOJJb 11epacnpoCTPaHeHHll 

):leJll!IUHXCll BeIUeCTB ). 

5. C03):laHO <pH3H'!eCKOe 06ecneqe1111e Pa/:IH06HOJJOrH'leCKHX HCCJJe):IOBaHHH Ha nyqKax 

4H 12C 24M 40Ar 56 npoTOHOB, gJ-lep e, , g, 11 . Fe HyKJJOTPOHa OIUilf, 01..1e11e11b1 

MeTOJ-IH'!eCKHe norpelllHOCTl1 H3MepeHHH norno11..1e11HOH ):103bl H BblITOJJHellbJ 

06nyqe11Hl! 6HOJIOrH'leCKHX o6pa31..10B. 
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