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Ha· Ka.Hane ym,-rpaxono.11HbIX HeiiTpoHoB (YXH) pea1c-ropa HEP-2 I1 1 

, OCyl.UeCTBJll'le'fCSI nporpaMMa HCcne,110BaHlfil no lf3y'leHlf!O B3aHM0.11eHCTBlfst 

. YXH co. CnJIOWHhIMII If .11ucneprHpOBaHHbIMH MarHHTHhIMH If HeMarHHTllhIMlf 

eemec-reaMH. B HaCTOHIUee epeMH npOBO.l1flTCfl 3Kcnepm.teHTaJihHhl8 HCCJie
.110DaHHfl HBJieHlfi1 nepeitoca YXH <iepe3 ·;:u-1cneprHpOBaHHhre cpe.111,1 (B l!aCT•_ 
HOCTH, qepe:3 nopowoK) B 3aBHCHMOCTH OT nJIOTHOCTH yrn:.KOBKl1 .If pa3Mepa 

pacceHBa-renei1. O.11HOBpeMeHHo Be.11yTCfl _MeT0,11H'lecKfie pa3pa60TKH no noHC· 

KY 3cpcpeKTa Korepettrnoro ycHJiemm o6paTHoro pacceHHHH YXH OT ueyno- . 
pR.It0l!eHHoi1 cpeJJ;hI u _uccneJ10BaH11IO . CBOHCTB iioeepXHOCTH eemecrea B yc
JIOBHHX BhICOKoro BaKYYMa . (nOHBJietme noeepXHOCTHoro MarHeTlf3Ma, 
o6ycno~eHHoro CYIIIeCTBOBal{HeM caMOH noeepXH0CTH). . 
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Pttc •. 1. BnoK-CXeMa H3MepHreJIJ,HOro MO• . 

nymt: · BY<t>.Y - 6noK ynpa1meaH11 ,PH-~-. . . . 1-ntp 
3H'leCKOH yCTaitoaKoii; .Ill - nereKrop- 1 

s,.,, t=:::l I 

HblH. T!)aKT; BKil-'.4 - BpeMeHHOH K_<>AH· 

pOB!llHK; 03Y 16K - 311tlOMHHaJOLQee. 

yCTpOHCTBO; ,Il2 . - BTOPOH nereKTOpeb!H 

TPaKT; BBO 4Il - 6noK apeM<mlblX 

OKOH; KC-017, KC-01,3, "KC-014 

C'leT'IHKH; · K_K009 - Kpeir-KoHTponnep; 

B.Il - sHHqecrepcKmi ltHCK; M<t>.Il - • 

MHHH-<t>nomt·nHCK. 
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,llrul: .peanlf3aUim yK83allHhIX 3KCnepHMeHT0B C03,UaH H3MepHTeJibtlblli i 

M0.11YJih Ha 6a3e °Kpef1Ta KAMAK If 3BM "Ilpaaeu-16'.', HCnoni,3yeMblH ,Zmfl 
ynpaBJieHIUI. X0.110M 3KcnepHMeIITa, HaKon'neHHH U o6pa60TKH HHq>OpMallHH; 
6noK-cxeMa U3MepHTE!llhHoro MOAYJIH .nptrneJJ,eua ua puc.1. OnuchrnaeMhIH 

·" M0.11YJ1h o6ecne<msae-r: 
.:... ynpasneHHe annaparypoii Ji· 3MaHHe ncxonui.xx napaMe-rpos 3Kcne-

• pHMeHTa C KJiaBHayYp
0

bl TepMnHaJILHhlX ycrpoiiCTB 3BM; 
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- aBTOHOMHOe Ha1wnnem1:e cneKTp~Mi:!TpHqeCKOll HHq>OpMa[(HH BO 
BHellIHeM 3anOMHHaIOIIJ;eM ycTpOHCTBe; 

- nporpaMMHpyeMoe ynpaBnemrn 3KCnepHMeHTOM. 

YilPABJIEHHE <l>H3H:qECK00 AililAPATYP00 

IlpHHUHnHaJihHaH cxeMa · cpn3nqecKoii ycraHOBKH ,n;JUJ H3MepeHHH KO· 
3cpcpnuneHTa oTpa)Kemm YXH OT MarHHTHhIX H HeMarHHTHhIX MifrepH.anoB 
npe,D;CTaBJieHa Ha pnc.2. 

B npouecce 3KCnepHMeHTa C Heno.rrn:pH30BaHHhIM nyqKoM YXH H3Me
pHTeJihHblll MO,D;YJih o6ecneq,maer . ynpaBJieHIJe 3JI,eKTpOMeXaHWieCKHMH 

npnBo.D;aMH rpex lllTOpoK (oTpa,KaTEmeii). Ka)K)J;a~ H3 lllTopoK MO)KeT He-
3aBHCttMo OT ,n;pyrHX 3aHHMal"b ,[(Ba. IlOJIO)KeHirn. B O.IlHOM IlOJIO)KeHHH IlJIOC· 
KOCTb lllTOpKH HanpaBne1rn B,ll;OJib OCH HeiiTpOHOBO,D;a ( COCTOHHHe 1-lllTOp
Ka oTKpbITa) H YXH cao6o,D;Ho nepeTeKrooT B HeihpoHOBO.D;, B .D;pyroM nono
)KeHHH (coCTOHHHe 2 -:-- lllTOpKa 3aKpbITa) lllTOpKa nepeKpbrnaer ceqeHHe 
HeiiTpOHOBO.D;a H He nponycKaeT YXH, nonHocT_bIO oTpa:,rorn Hx. 

B XO,D;e 3KCnepHMeHTa COBMeCTHO lllTOpKH 1,2,3 peanH3YIOT nonepe- __ _ 
MeHHO TOJibKO TpH COCTOHHIIB; 

-.MOHHTOpHoe (lllTOpKa 1 OTKpbITa, lllTOpKH 2 H 3 3aKpbITbI); 
- H3MepHTeJibHOe (lllTOpKa 1 3aKpbITa, lllTOpKH 2, 3 OTKpbITbI); 

· - cpqHo~oe (ace TPH lllTOpKH 38.KpbITbI). · 
3TH TPH cocroHHHH lllTopoK o6pa3yIOT o.D;HH UHKJI H3MepeHHii. BpeMeHa 

ocym;ecTBJieHIUI MOHHTOpHoro, H3MepHTeJJbHOro H <pOHOBOro _COCTOJ'IHHH 
B · 0,[(HOM umme onpe.D;emiIOTCH KOJIWieCTBOM CTapTOBbIX HMilYJibCOB peaK~ 
Topa HBP-2 H oTC'lHThIBaroTc·H cqeTtIHK<>M KC-013. Ilo HcTeqeHHH 3a,na1i"Horo 
. 3KCnepHMeHTOM BpeMeHH 3BM Bbipa6aTbIBaeT. KOMalf,ll;bI,. a,npecyeMbie: 6no
ey' ynp~ane~mH cpH3HqecKoii ycraHoBKoii (BY<I>Y) 12 1• YnpaBJIHIOIIJ;He cttr
HaJihI -H3 -3TOrO 6JIOKa nepe,D;aIOTCH B ycTpOHCTBa nepeMeIIJ;eHIIB lllTOJ)OK . 
(YilIII) ,[(JIH •' BKJIIOqemm 3JieKTpO,D;BHraTene~. IlepeMenieHHe lllTOPOK H3 

. O,D;HOI'O COCTOJ'IHHFI ' B ~pyroe. BbiriomrnercH 3a 3 c,. nocne • qero H3. YnIII no .. 
JIHHHH camn nocTYnaIOT oraerH:r,ie CHrHarrhI B BY<l>~, coo6m;arom;HH 3BM -

P_nc. 2. C~eMa q>lf3Hl!ec1<oii. ycrattoBKH: 

l . - aeiiTpOHOBO,ll; KaHaJia YXH; 2 ..:. 

IlOJIHJ)lf38TOp YXH; 3 ..:.. BXO,ll;HOH CnHH

<pJIUnnep; ·· 4 - · cnHH:cpnunnep . o6pa3ua; 

5-6 - cmni-qimlrrnepLI . ,ll;eTeKTOp0Bj 
' ' ... \ .. . . 

7,8,9 -wTopKu N21,2,3 cooTBeTCTBeHHo; 

·10 - 06pa3eu; 11-12 - ntn-eKTOpLI YXH. 
.,.,_,_,_.,.. ___ .,.,.,._ 
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06 0K0HtJaHHH nepeMememm. 3anaBaeMoe 3KCnepHMCHT0M K0HKpCTH0e 
1m:cno QHK~OB 06pa3yeT O.IUIY cepmo H3MepeHuii. 

I· 

Ilpu H3yIIeHHH npoueccoa B3aHMo.n;eiicTBIDI YXH c MarHHTHhIMH . Ma- i 
1 

TepuanaMH Heo6xo.n;HM nyll0K noilllpH30BaHHhlX HeihpoH0B_. Ilomipn3auHH 11. 
YXH ocymecTanHeTcH nyTeM 'nponycKaHIDI HCHTPOHOB CKB03b HaMarHu- · 

llCHHYlO nITCHKy13 1• AHanu3 nonHpH3au1rn npou3B0AHTCH C n0M0IUblO TaKOH 

:>Ke nneHKH, nepe.n; KOTopoii yCTaHaBnuaaeTC.H cnuH-cpnunnep. (C<l>) -ycTpoii-" ! 
crao, no3aonmomee noaopa,maaTh cnnH HeiiTpoHa Ha 180° (noaopoT cnnHa l'i;' 
ocymeCTBJifleTC.H pa,nuotJaCT0THhIM noneM B HC0)];H0P0AH0M n0CT0HHH0M no- . ' 
ne). Il03TOMy npu 3KCnepHMeHTax C nonHpH30BaHHhlMH Heii:TpoHaMH H3Me- : 
PHTCITbHhIH M0AYITh o6ecnetJHBaeT ynpaaneHue npuao.n;aMH Tpex llIT0p0K · (; 
u lleThipex cnHH-cpnunnepoa. 

<l>nunnephI,. KaK H llIT0pKH, MoryT HaX0)];HThCH T0ITbK0 B ABYX C0CT0H

HH~X: cpnunnep BhIKnlOlJCH - C0CT0HHHC 1; cpnunnep BKITlOlleH - C0CT0H
HHe 2. KaK H npu pa6oTe C HenonHpH30BaHHhIMH HCHTpOHaMH, M0HHT0pHoe, 

H3MepHTCIThH0e H q:>OHOBOe C0CT0HHHH llITOPOK 06pa3y10T 0AHH UHKn H3Me
peHHH u acer.n;a peanH3yroTcH npu nro6oM 3a,IJ;aHH0M cocT0HHHH cpmmnepoa; , . . I 
N QHKIT0B . C0CTaBnHlOT 0,IUIY cepuro H3MepeHHH. Cepuu pa3ITHtJalOTCH no 
cocToHHHIO cpnunnepoB 1,2,3,4. B npouecce 3KcnepuMeHTa M0:>KeT peanu-
30BhIBaThcH 16 cepuii H3MepeHHH. 

,llETEKTOPHhlA KAHAn C ABTOHOMHbIM HAKOIII1TEnEM 

. 113MepuTenbHhlH MOAYITb np0H3B0)];HT HaKonneHne H o6pa60TKY HHcpop
Mauuu, nocrynaromeii OT · o.n;Horo unu .n;ayx o.n;HoapeMeHHo pa6oTaIDII.U-IX 
.n;eTeKT0P0B. B KalleCTBe ·.o;eTeKTOpOB 'HeiiTpOHOB ucnonb3YlOTC.H nponop
UH0HaITbHhie ClJCTlJHKH Ha OCH0Be 3 He. CurHanhI OT Ka)K)];oro _ClJCTlJHKa no
CTynaroT Ha CB0H npe.n;ycunuTenb C 60ITbllIHM BXOAffhIM conpOTHBITeHHeM 
(100 MOM) u ,u;anee aa THil0Bhie cneKTpoMeTpuqecKue ycunmenu. 

B H3MepHTenbH0M Mo.n;yne peanu3oaauo ~Ba pa3nHtJHhIX MeTo,na Ha

KonneHIDI HHcpOpM~UHH. Ilo 0.IUI0MY .i:ieTeKTcipHoiiy TpaKTy aBTOHO.MHhIH 
HaKonuTenh cocrom H3 apeMeHHoro 1<0.n;upoamnKa BKil-4 14 1 c nporpaMM

H0 H3MepHeMoii rnupHHoii KaHana u 3anoMHHaromero ycTpoiicTBa 15 1• 

B3aHMO.n;eiicrnue 3THX 6nOKOB . no nononHHTe.JibHOH MarHl'Tpanu n03B0nHeT 

ocao6o.n;nTh 3BM !'Ilpaaeu-16" OT cpyHKUHH onepaTHBHoro HaKonneuHH 
cneKTP0MeTpHtJecKoii HH<popMatiuu, a TaK:ace o6ecnetJuaaer Meprnoe apeMH 
HaKonHTeITbHOH CHCTeMhl 1,5-2 MKC. B xo.n;e 3KCnepuMeHTa 3THM. HaK0-
nuTeneM o6ecnetJHBaeTC.H perncTpauHH O.IUI0MepHhIX apeMeHHhIX cn~KTpoB 
B HHTepaane 200 MC Me)K)];y crapT0BhIMH HMnynbCaMH peaKT0pa. 

Ilo BT0p0MY .n;eTeKTopH0MY TpaKTY aBTOHOMHhlH HaKOilHTeITb C0CT0HT 
H3 6noKa apeMeHHhIX oKoH B BO4Il u ctJertJuica KC0l 7 17 '· ,3TOT. KaHan 
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n03B0JIHeT np0BO)];HTb HHTerpanbHoe HaKonneHue HHq:>OpMaUHH B B0CbMH 
BpeMeHHblX 0KHaX, nporpaMMH0 3a,D;aBaeMhIX 3KCnepHMeHTaT0p0M. 

IlPOf'PAMMHOE OBECilE4EHI1E 

IlporpaMMHoe o6ecnetJeHue no3B0JifleT pernaTb cne.n;yromue ocH0BHhie· 

3a,D;atJH: 
- HaKonneHne .n;aHHhIX; 

. - ynpaaneHne 3KcnepnMeHTaJibHOH annapazypoii; 
- xpaHeHHe H npe.n;aapHTenbHaH MaTeMaTHtJecKaH o6pa60TKa HaKonn~H

HhIX )];aHHhIX; 
- BH3yantt3aUIIH H P,aCnetJaTKa pe3ynbTaT0B. . 
IlporpaMMHOe o6ecnetJeHue H3MepnTenbHoro Mo.n;yn.H Hanucauo c ucnonb-

30BaHHeM MeTo,n;HKH nporpaMMnpoBaHHH annapaTypbI KAMAK16 1 • 

Pa6oTa HallHHaeTCH C fIO)];rOTOBKH 3KCnepHMCHTaT0p0M 3a,D;aHH.H Ha 

3KCnepuMeHT. f'oTOBOe 3a.n;auue coxpaHHCTCH B BH)];e cpaiina Ha AHCKe, 'ITO 
n03B0ITHCT no.n;roTaBJIHBaTb 3apauee onpe.n;eneHH0e lJHCno 3KcnepuMeHT0B. 

,llaHHhie, Heo6xo.n;HMhie AITH 'cpopMHpOBaHHH 3aAaHH.H Ha 3KcnepHMCHT,. 

CK0Mn0H0BaHhl a Ta6nHUhl, K0T0pbie co,u;ep:>KaT: 
- qucno cepuii H3MepeHnii u nocne.n:oaaTenbH0CTb ux peanu3au1m (IIucno 

ucnonb3YCMhIX cpnunnepos); 
- lJHCIT0 ·ucn0Jib3yeMhIX )];eTeKTopoB H llIT0poK; . 
- lJHCIT0 UHKIT0B H3MepeHHHj 
- lJHCJI0 CTapT0B peaKTopa, B TCllCHHe K0T0pblX 6y.n;yT np0H3B0AHTbCH 

H3MepeHHH B M0HHT0pH0M, H3MCPHTCJ1bH0M H q:>OHOBOM C0CT0HHHHX · 

llIT0poK; 
- apeMeHHhie HHTepBanhI MC:>KAY crapT0BhIMH HMnynbcaMH peaKTopa, 

B K0T0phIX ae,n:yTCH H3MepeHHH ( lJHCIT0 H rnupuHa KaHaIT0B speMCHH0ro 

'K0AHP0BIUHKa - no o.n;HoMy ,n;eTCKT0pHOMY TpaKTy; llHCIT0 H rnupHHa Bpe
MCHHhlX OK0H, B K0T0pbIX npoH3B0)];HTCH HHTerpanbH0e HaKonneHue HH<pop

MaQHH - no BT0p0MY .n;eTeKTOpH0MY TpaKTY) ; 
- apeMCHHhie HHTepBanhI )];eTCKT0pHhlX TpaKT0B, B K0T0phlX npou3-

B0,D;HTCH HHTerpanbH0e cyMMHpOBaHHe apeMeHHhix·cneKTPOB Ka,K)];0ro THna 
H3MepeHuii. 

PC3yJihTaTOM pa60Thl no no.n;r0T0B-Ke 3MaHHH HBITHCTCH cpaiin, co.n;ep
:>KaIUHH ace _BBCAeHHhie ,D;aHHhie. l13MepeHHH Bhin0JIHHlOTCH aBT0MaTHlJCCKH 
n0JIH0CTblO B C00TBeTCTBHH C 3a,D;aIIHCM. B xo.n;e pa60Thl 3KcnepuMeHTaTop 

HMeeT B03M0:>KH0CTb .n;aTh cne.n;yromue K0MaH)];hI: 
- BhI6op Hy:>KHoro cpaiina; 
- npoaepKa pa6oqero cpaiina; 
- CTapT H3MepeHuii; 
- oTtJeT o pa6oTe. 

5. 



ITo 3anpocy 3KcnepHMeHTaTopa Ha 3KpaHe mm Ha 6yMare no.· npeMH 

pa6oTbI BbI,O:aIOTCH ,n:aHHbie TeKymero U:HKJia H3MepeHHH (HHTerpaJihHbie 

3Hattemm npocyMMHPOBaHHhix cneKTpoB) c yKa3aHHeM HOMepon ,n:eTeKTopa. 

rro OKOHttaHHH ,O:aHHOH cepHH H3MepeHHH npH 3anpoce 3KCnepHMeHTaTopa 

BbI,O:aIOTCH ,O:aHHbie ncex U:HI<JIOB cepHH B BH,n:e rn6JIHU:bI C YKll3aHHeM HOMe

poB ,n:eTeKTopa, U:HKJia H cepHH, a TaK)Ke pe3yJibTaTbI. npe.n:napHTeJibHOH .o6-

pa60TKH nonytteHHOH HHq>opMaIJ;HH (cyMMHpOBaime pe3yJibTaTOB. 0,0:HO· 

. THnHbIX H3MepeHHH 

HOCTett YXH H T.,n:.) • 

3AKJ1IffllEHJ1E 

MOHHTOP, cpoH, H3MepeHHe; Bbll!HCJieHHe HHTeHClffi· " 

OnHCaHHbIH H3MepHTeJibHbIH MO.D:YJIL Y.D:OBJieTBOpHTeJihHO Bbl,O:ep,KaJI 

B TetieHHe nonyro.n:a 3Tan. OilbITHOH 3KCnnyarnu;HH. 3a 3TO BpeMH H3MepH

TeJihHbIH MO.D:YJib Il03BOJIHJI npoH3BeCTH B pe)KHMe pa60TbI C HenoJIHpH30· 

·BaHHhIMH HettTpoHaMH 3KcnepHMeHTaJibHbie H3MepeHHH Ko3cpcpttu;HeHTOB 

OTpa,KeHHH YXH B 3aBHCHMOCTH OT HaCbinHOH nJIOTHOCTH H TOJII.UHHbI CJJOH 

riopOIIIKa 6epHJIJIHH. B HaCTOHmee BpeMH H3MepHTeJibHbIH Mo,n:yJih HCOOJih~ 

3YeTCH Ha KaHane YXH peaKTopa MBP-2 .D:JIH q>H3HtteCKHX HCCJie,n:cmamm. 
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