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OEUWI XAPAKTEPHCTHKA PAEOTl:l 

ARTV@HOCTL rrpo6JI9Mij. Ifll:Tepec R ~HSHRe HefiTpOHOB C 3HeprHefi 
~ ro-7 aB, Has!UlaeM!lX yJILTpaxoJIO.Ill!NMH HeiiTpOHaMH (YXH), orrpe.zteJI/ieTcJI 
npell,ll;e Bcero BOBMOllCHOCTLIO BHIIOJIH8HHJI C HX noMO!JU,IO pii.ll;a ~YH.ItaM8HTa.JIL
HHX 1:I npHKJia,inmx HCCJI8,It0BaHrui. II pH 3TOM 1 1(8.R npaBltJIO, H806XO.n;l:IMO 
npaB1:IJI1,HO onpe.n:eMT:E, cneKTP noTOKa.l:Icnom,syeMHX HeiiTpOHOB, I!OCKOJI:E,Ky 
npl:IM9H8HH8 ,ItJill 3THX D;8JI8fi HaH60JI88 nepcneKTHBHoro M8To.n:a cneKTpOMeT
pl:IH no Bp8M8HH npoJieTa o6H'iHO orpaHH'l8HO H3-3a HH3KOii RHT8HCHBHOCTH 
cymeCTBYJllltlfX HCTO>mmtOB YXH, TO oco6yn aKTYa.JILHOCTL npH06peTaeT npH
M9H8HH8 M9TO,ItOB cneKTpOMeTpHH, xapaKTepHSyEl!lHXCJI 60.Jlbmefi CB8TOCHJIOfi, 
HanpHMep Koppe~oHHoro no BpeMeHH npoJieTa. 3HepreTH'l'.8CKoe paape
meHKe H HB,lt8llCHOCTh pa60TI:l Bp8MIIIIpOJI8THOro cneKTpoMeTpa MOlK!iO 3Ha'l'.H
T8Jll,HO TIOBliCHTl>, KCnQJIL~YJI BM8CTO M8XaHH'l8CKOro 6HCTplifi ~eppOMarnHT
Hlifi npep!UlaTem. noTOKa He!TpOHOB, 

C03,lJ;aHH8 CB8TOC1:IJI1,HOro cneKTpOMeTpa YJihTpaxOJIO~ HefiTpoHOB C 
HaH03JI8KTpOHOBOJihTHNM paapemeHH8M no3BOJI/i8T HCCJI8,ItOBaTh B ny'IKOBOM 
3KCnepHM8HT8 3HepreTH'l8CRYD 3aBHCIDIIOCTh KO~HWJ8HTa 38PRWIIiHOro OT
paxeHHJI YXH OT noBepXHOCTH B81118CTB, HanpHMep, C l.(8fill0 lfSM&peHHJI 8M

MHTY.It paccemtHJI WIH HCCJI8,ItOBaHHJI TaK Ha3HBaeMoro "M8Ta.JIJIH'l8CKOro" 
OTpruiteHHJI YXH. I!OJIBHTCJI B03MOllCHOCTh 60.Jiee TO'l'.HOro CpaBH8HHJi O Teopl:1-
e! nOT8ph H8fiTpOHOB npH XpaHBHHlf, a T8.Klt8 YTO'lH8HlfJI RBHaJIOB YT8'lltH 
YXH H3 JIOBymeR,H B 'laCTHOOTH, CBJI3aHHOro C 3axBaTOM B CT8HKax. 

Um HaCTOgmett pa60Tli COCTOHT B paapa6oTKe MBTO.n:HRH ROppe~
omrofi Bp8MlmpOJI8THOfi Cil8KTpOM8TpHH YJIDTpaxOJIO.Ill!liX H8fiTpOHOB H ea 
npHM8H8HHH .n;JIJI pemeHHJI HeKOTOpliX 38,lta'l ~H3HKH YXH. 

Hay'IHM HOBHaHa. B npon;eooe BHnoJIHeHHJI pa.6oTH aBTopoM BnepBue: 

- paspa6oTrura M8TO.n:HRa IISMepeHl:Ifi K H3y,i9Ha Cll8KTpaJll,HM 8allHCH
MOCTL 3~RTWIHOCTH H OTpaaB.Tenwo! cnoco6HOCTH pa3Jil:I'IHHX THllO~ ,Ite
T8KTOp0B YXH. Coa.n:aH "BC8BOJIHOBOtt" CD;HHT~OHHlifi ~8T8RTOp JJtLTpa
xono~ HBfiTpOHOB C Bpallt8DIIHMOJI pB,!tliaTopoM; . 

- C llOMO!ItI,E cos.n:aHHoro xoppe~oHHoro Oll8KTpOMeTpa no Bp8MeHH 
npoJieTa C M8XBHH'l8CRHM npepHBaTeJieM l:I HSH03JI8KTpOHOBOJI1,THliM paapeme
HH8M HCCJI8,ItOBaHa B ny'IROBOM 3RCil8pHM8HT8 Cil8RTpa.JIDHaJI 3alll:ICHMOOTh ' 
K03qq)HD;R8HTa 0Tpall9HHJI ym,TpaxOJIO.Ill!liX HefiTpoHOB OT IlOBepXHOCTH B8-
~8CTB C 60JII,IIIHM C8~8HH8M 3axBaTa; 

- paapa60Trura M9TO.n:HRa l:I npHMb!M M8TO,ItOM HSMepeHa BBpOJITHOCTh 
3axBaTa YXH npH no.n;6ap1,epHOM OTpa&eHHH rue OT IlOB8pXHOCTH Me,n;a; 
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- HSMepeHa rny6B11a MO.J:cr~ noToRa YXH iponro:ew.1 cinm-41IDflIIIe
poM l'I .IUlYMll q>eppoMaIHHTHllMH IIJI8HR8Mlll Ha ero IlOB8PXHOCTH. Paspa60T8H 
H OCYlll8CTBJI8H M8TO'A 6HCTp0! MO'AY~ IlOTORa ynTpaxOJIO'AHHX He!Tpo
HOB saT:eopoM Ha OCHOB8 qepe.I(yDIIHXCH 1peppOMamH'l'HWC IIJI8HOR C CY1118CT
B8HHO pa3JIHqaxJllZMHCH 8HaqeHRHMH ROBPW,ITH:BHO! cwm. Ha OCHOBe saT:eopa 
COS'A8H cneRTp0¥8Tp H HSMepemi: BpeMHnpOJI0Tllll8 cneKTpH. 

Ilpa.KTHqecK8.Jl uemrocT:r, pa.6orn. COS'A8Hllll!,"¥C8BOJIHOBOilll 'A8T8KTOP 
MOJ!t8T 6HTb l'ICil0Jll,SOB8H ,IVLII :BHCOKOaqql8RTH:BHOit perHCT~H 6es 0Tpallt8-
mm ynTpaxOJIO.ItEIHX HeilTpOHOB nmpoxoro. 'AltanasOHa aHeprd. Paspa6oTBH
H8.Jl ,IVLII o6JiaCTH YXH M8TO'AH!ta ROppe.mrtOIOHHOit Bpewmp0JI0THOit cneRTpOMeT
p:im c 6HCTl)HM q>eppoMamHTHHM npepu:eaTeJieM o6ecneqnaeT npmmmmaJlbHYD 
BOBMOJKHOCTb HSMepeH:w:r cneRTpOB IlOTOKB. HeitTpOHOB C BHepreTHqecRl'IM pas
pemeHHeM Ha ypoBHe ro-2 HBB, a npe,1{,1101teHHH! H ocymecTBJieHHH! cnoco6 
MO.I(y~ H8itTpOHHOro IlOTORa CHCT8MOI q>eppOMaI'HHTHHX IIJI8HOR MOJ!t8T 
6HTL, B npHH~e. HCil0Jll,SOB8H ,IVLII IlOCT8HOllltH H8CTamIOHapHHX axcnepH
M8HTOB C yJILTpaxOJIO,n;HHMH HelTpOHBMH. PesynTam npm,4oro HSMepeHHH :ee
pOHTHOCTH sax:eaTa HeilTpOHOB npH IlO'A6apL8pHOM 0Tpallt8HHH l'IX OT no:eepx
HOCTH :ee~ecTEa Il08BOJIIDlT 'AaTL 0,IIJIOSHaqmi:i OTB8T Ha PJm :BH,IUlHHYTHX pa
H88 rHnOTes, OilHCH:BaiontHX npo~eCCH yT8ql(H YXH HS COCY'AOB Xp8H8HHH. 

@TOD aammpaeT: 

- pesyJILTaTH paspa60TRH M8TO'AHitl'I ROpp8.7IllIOIOHHOtl BpeMHnpOJI0THOI 
cneRTPOMeTpHH ,IVLII 'AHanasoHa 8HeprHH YJILTpSXOJIO,It!IHX HeitTpOHOB C paspe
meHH8M Ha ypoBHe H8CK0JibKllX HaIIOM8KTPOHOBOJll,T; 

- BKcnepm&eHTa.Jll,Hyxl M8TO'AHitY H pesyJILTaTH
0

HCCJI8'AOB8HID.l 6HCTpott 
MO.I(y~ IlOTOKa Y.XH CHCT8MOil, COCTO~eit HS qepe.I(yDIIHXCH CJI08B q>eppo
.ManIHTHHX IlJI8HOK C CY1118CTB8HHO pa3J!HqamJl'IMl'ICH SHaqeHHHMH KOBPW,ITH:BHOI, 
CHJIH. PesyJibTaTH paspa60TRH Ha OOHOB8 Ta.Kl'IX npepu:eaTeJieii Koppe.mrtOIOH
HOit BpeM!lllpOJI0THOI Cil8KTPOM8TpHH YJILTpaxOJIO,It!IHX H81Tp0HOB; 

- BRcnepl:'IMeHTaJ!bliyx> M8TO'AHRY H pesymTaTH HCOJI8'AOB8HHH BaBHCHMO
CTH OT BHeprHH YXH OTHOCHT8Jllif!HX :eepOHTHOCTeii perHCTpami:H H 0Tpa.llt8HID.l 
H8ilTPOHOB 'A8T8RTOpaMH pasJIHqmi:x Tl'IIlOB H paspa6oT8Hllll! 11BC8BOJIHOBOI" 
'A8T8RTOp ymTpaxoJIO,IIJIHX HeilTpOHOB, HCilOJILSOB8Hllll! BO :epeMHnpOJI0THOii 
cneRTp0M8TpHH; 

- pesynTaTH BRcnepHMeHTOB no HCCJI8'AOB8Hl'IIO B nyqxOBOM 3KCnepH
M8HT8 cneKTpanmott Sa:BHCHMOCTH K03(pl)~l'I8HTa 0Tpallt9HWI YXH OT no:eepx
HOCTH Ra,n;MHH-113 H ra.r:tOJIHHMH-155 ( 11M8TaJIJ!Hq8CR0811 0Tpru!t8HH8 HefiTpo
HOB); 

- MeTo.wmy II pesynTaTH npm.1oro HSMepemm :eepoamocTH sax:eaTa 
H8ilTpOHOB npll IlO'A6apb9,PJIOM 0Tpallt8HHII HX OT no:eepXHOCTH M8'AH. 
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ArrpoOa.mrH pa.6oTg. Ilo MaTepHaJiaM 'AHCcepTami:H orry6JIHKOBaHo II 
pa60T. PesynTaTa HCCJI8'AOB8Hroi 'AOKJia,r:(HBaJIHCb Ha ceccm1 ARa.r:teMHH HayR 
CCCP (HHBapb 1986 r. ) , Ha 9 .Bceco10SIIOil IIIKOJie-ceMHHape "Ho:eae Ma.I'HJ,IT
HH8 M8T8pHaJIH .ztJI.fI MHKp03JI8KTpOHHKH" (CapaHCR, 1984 r.), Ha CSMHHapax 
JlH \P O HiIB. 

CTOVRTypa. H 06'beM pa60Tij. ,UlrccepT~H.H COCTOHT HS BB8'A8HHH, MTH 
rna:e, npHJIOJ!t8HHH, saxmoqemm H C!IHCRa JIHTSpaTYPH, CO'A8l)lltl'IT 80 CTpa
H~ T8KCTa, 44 PHCYHRa H C!IHCOK JIHTepaTypH HS III HaHMeHOBaHmi. 

OCHOHfOE CO.llEPJIWlliE PAEO'IH 

Bo BBeneHHH OllP9'A8JI0H npe.n;MeT HCCJI8'AOB8HHH, 060CHOBHBaeTCH a.K
TYaJihl!OCTb TeMH, lpOp,iy'JIHpyx>TCH OCHOBHHe ~8JIH li KpaTRO liSJiaraeTCH 
CTPYRTYPa 'AHCcepTami;H. 

IleOBag rJiaBa noc~eHa O!IHC8HHIO paspa60T.Kll H OllTHMHSami:H ":ece
BOJIHOBOro"'A8T8KTOpa ,IVLII BpeMlllipOJI0THOil Cll9KTPOM8TpHH ynTpaxOJIO,It!IHX 
H8HTpOHOB. 

A6COJiiJTllll8 Cil8KTpaJILHH8 HCCJI8'AOB8HHH C ITOMO~D Bp8Mlllip0JI0THOil 
T8XHHitH BOSMOl!CH!i JIHWL B TOM CJiyqae, ecJIH HSB8CTHa Sa:BHCHMOCTb B<I/q>eK
TH:BHOCTH npHMeHHeMOro 'A8T8KTOpa OT 3HeprHH HeilTpOHOB • .lvLli HSMepeHHH 
Ta.KHX Sa:BliCHMOCTeit 6HJI paspa60T8H cne~a.JILHHtt M8TO'A- IlOTOK YJibTpaxo
JIO,IIJIHX H8itTpOHOB li8 3KCrrepHM8HTa.JILHoro K8.HaJia I (pHc.I) no :eepTHitaJIL-
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PHo.I. CxeMa ycTpoit~T:ea .IVIll HSMepe
HHH cneKTpaJimoit BaBHCHMOCTH OTHOCH
T8Jll,HOl aqql8KTHBHOCTH 'A8T8KTOpOB YXH. 
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HOMY HettTpOHOBO.ey' 2 nocTyrra.JI 
B ropHSOHTaJ.Wiait yqacTOK 
3,5, a BaTeM rrorra.n;aJI :e MOHH
Top' M H. HcCJie'A3'eMait 'A8-
T8KTop D , pacnoJiaraeMait 
:aa HSMeHHeMoit BHCOTe h . 
Pa3HOCTL CKOpOCTe! cqeTa 'A8-
T8KTOpa ,IVL1I ropHSOHTaJimoro 
H no,IIJIHToro Ha A H noJioxe
HHH no:eopoTHoro ROJieHa 4, no
'A8JI8HHaJi Ha C00TB8TCTBYJlllYI) 
pa3HOCTL MOHHTOpa, COCTaBJI/Ula 
OTHOCHT8.1llifIJD 3@,ieKTHBHOCTL 
HCCJI8'AY8MOro 'A8T8KTOpa B HH
Tep:eaJie BHeprmi YXH OT € h 
'AO c(h.--1-AH) • r'Ae 

f.. = I,02 H3B/CM • .lvLli rrpo
rrop~OHaJ!blioro cqeTqHKa Ha 



OCHOB8 reJIWI-3 C aJil(UllHll8BHM BXO,IJ;HUM OKHOM ll8M8p8HHM 8HepreTllqecK8.ll 

Sa.BllCllMOCTI, ~8KTllBHOCTll, Ka.K ll OllW,IJ;aJIOCI>, 6wra 6JillSKa K pacqeTHUM 
sHaqeHH.HM. Paspa6oTamrn:11 M8TO'A IlOSBOJIWI T8.Kllt8 TIO ll8M8H8Hlll0 CKOpOCTll 

cqeTa MOHllTOpa llCCJI8'AOBaTI> OTpruK8HH8 H8ilTpOHOB OT 'A8T8KTOpOB.• 
Heo6XOAH!v!l18 ,IJ,1I/I BpewmpOJI8THOil Cil8KTp0M8TpHH Tpe60B8HRII "qepHO

Tl:,111 'A8T8KTOpa ll MaJIOit ajxpeKTllBHOil TOJill1lllil:,l ero ~HaTopa (CJI0.11, B KO

TOpOM IlpOHCXO~T BSallMOA8ilCTBH8 YXH C 06pa30B8Hll8M sapllllteHHHX qacT~), 

Ha nepmrli Bsrmm, Hall60JI88 IlpDCTO BHIIO~HM!i B CllllHTHJLllfmliOHHHX 'A6T8K
TOpax, IlOCKOJII>Ky, B npmnume, B08MOX8H IlOA60p p~llaTopa C AOCTaTO'IHO 
MaJIOil rpaHll'IHOil 8Heprlleil. 0AHaK0 npOB8A8HHH8 llCCJI8'AOB8Hll.ll IlOKaSaJill, 

qTO Aaxe Ilpll 6JIH8KOil K HyJIIO rp8Hll'IH0il'8H8prllll ~aTOpOB ll8 rUAPOOKH
CH CM8CH H80TOilOB JIHTllil-6 ll JillTllil-? 8qql8KTHBHOCTI, perllCTPa.w'lll YXH C 
YM8H:Eiill8HH6M 8Hepr.r,rn IlOCJI6AHHX 8HaqHT8~0 Il~aJia sa· ctieT B08paCT8HWI 
BepO.llTHOCTll llX OTpWK.eHH.11.0T p~HaTOpOB. Il08TOMY 6wra llCilOJII,80B8Ha B08-

MOlKHOCTI, 8qql8KTllBHOil perllCTPa.w'lll YXH HH8KllX 8Heprllil sa cqeT YB8JIHqe

HWI OTHOCHTenHOil CKOpOCTH HeilTpOHOB H ~llaTopa. 
Paspa6oTaHHHil 11 BC6BO~OBOil" Cil;llHTI1IlJI!iUHOHHHil 'A8T8KTOp COCTO.IIJI H8 

g)OTOJ'MHOlKHT8M ll rrpospa'I!Ioro BPantaIO!llerOC.'l 'AHCKa HS oprcTeMa, _OAHa 

CTOpOHa KOTOporo 6wra IlOKpuTa p~llaJ.II,HHM, IlM006pasHUM rrpoc})MeM C BH
COTOil sy6D;OB H8CKOJII,KO MHJL/IllM8TpOB. Ha IlOB8pxHOCTI, npoc})M.11 H8HOCMH 

cn;llHTMJI.IITOp (cepHI-ICTHil n;HHK, rrapaTepg)eHM) H p3,ICll11TOp ( 
6U FI 6 Li OH ). 

C ll8M8H8HH8M 8HeprHll YXH ajxpeKTllBHOCTI, COS'AaHHOro 'A8T8KTOpa 9cTaBa
;rac:r, rrpaKT}rnecKll IlOCTO.llHHOil' a Ha6~a8MM Ilpll 8TOM CTa6WI1,HOCTI, CKO

pocTH cqeTa MOHllTOpa IlOATB8l)l!t,ll;aJia "qepHOTY" 'A8T8KTOpa B HCCJie,n;yeMOM 
8HepreTHqecKOM llHT8pBaJI8. Ilo8TOMY Ta.KO! A8T6KTOp HCilOJII,SOBaJ.lll B 'A~

HeitmeM BO BpewmpOJI8THOit crreKTpOMeTpllll YXH. 
Bo BTOpoit r~aBe OilllCaHa pa8pa60TKa M6TOAa KOppeMn;HOHHOil crreK

TpOM8TpHH no Bp6M6Hll rrpoJieTa ,IJ,1I/I 06JiaCTH 8Hepr:ml: y;r:r,TpaxOJIOAHHX HeitT
pOHOB, B pesynTaTe KOTOpoit 6WI C08'A8H Cil8KTpoMeTp C M8XBHHqecKllM All

CKOBHM rrpepHBaTM8M~ 
HaqaJIO rJiaBH IlOCBH1118HO paCCMOTp8HHll OCHOBHHX THilOB CYlll8CTBYiJl]lHX 

CileRTpOM8TpOB YXH, aHaJIHSY me np8llMYlll8CTB H H8'AOCTaTKOB. HaH60JI88 
rrepcneKTHBHH Cp0'AH HHX BpewmpoJI8Tlll:,l8 Cil8ItTpDM8Tpbl, .IVI11 KOTOpHX, OA
HaKO, xapaKTepHa HllSKa.11 8qqJeKTHBHM CB8TOCHJ.ta. arauTem.HO IlOBHCHTI, 

ee IlOSBOM8T KoppeMD;HOHHwl M8TO'A, KOTOpwl Yllt8 rrpHM8HJIJIC.ll AM T8MO

BHX H 6HCTpblX HB!TpOHOB. 
OCHOBHa.11 HA8.ll M8TO'Aa SaKJIDqaeTC.ll B TOM, qTo npepuBaTen B Teqe

HH8 nepHOAa T OTKpHBaeTC.ll n. pas B OTJlli'llle OT OAHOro pasa 
B MaccuqecKOM Bp8M.llilpOJI8THOM M8TOA8. EcJIH MO.D;YMn;Rll IlOTOKa OCYlll8CT
BM8TC.ll B COOTB8TCTBHH co crren;H~ 6HHapHHMH nceBAOC~aitHUMH no-, 
CJI8~0BaT8JII>HOCT.llMH Q;< MaKCHMaJII>HOil ~T8JII>HOCTll, COCTO.llllUIMH HS 
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N -=.2. n.+~ quceJI, TO no no;ryqeHHHM CYMMapHHM oTcqeTaM ~ .. B Ka
HaJiax Bp8M8HHOro 8HaJIHSaTopa JI8I'KO BOCCTaHaBJIHBaeTC.ll HCCJie,n;yeMblit Bpe
r.mnpOJI8Tmm Cil6KTp: N--\ 

tk = L a..'i,-k Ci, -U,k. ) (l) 
'l.=0 

rAe K = 1,2,3, ••• , N ; u." - ypo~eH:r, c})oHa B Ka.HaJie. IlocKonKy npe-
HMYlll6CTBa KOppeMD;HOHHOro M8TOAa HaH60JI86 S8M8THO npO.llBJI.llDTC.ll IlpH 
6onmoM WOH8 HAM Cil8KTpOB,SaHHMamtHX JIHmI, qacT:r, llCCJie,n;yeMoro 8Hep

reTHqecKoro ~anasoHa, TO OH oco6eHHO YA066H AM cneKTpOMeTpHll YXH. 
0AHaKO npHM8H8Hll8 ero It H8ilTpOH8M HaH08JI8KTpOHOBOnTHoro 'AllaTiaSOHa 

3Hepr:ml: CB.llSaHO C ~OM M8T0~8CKHX TPYAROCTe!, o6yCJIOBJI8HHblX Kalt 
Cil8n;HWHq8CKllMH CBO!CTB8Mll TaKHX He!TpOHOB, Ta.K ll oco6eHHOCT.llMH CBMOro 

M8TOAa. 
COSAaHHU! KOppeMD;HOHHbli1 BpewmpOJI8Tmm Cil8KTPOM8Tp COCTO.IIJI HS 

M8XaHHqecKoro AHCKOBOro npepbtBaTeM ~aMeTpOM 160 CM, S8PKaJII,HOro 

He!TpOHOBOAa IlpOJI8THO! 6asu nepeMeHHO! AJIIDil:l, 11BC8BO~OBOro" 'A8T8KTO
pa YXH c Bpa!llanJlllMC.11 ~pHpOBa.HHHM ~HaTopOM H Ha6opa pa3JIH'IHHX ycT
poilCTB AM paSMe~eHll.11 o6paan;oB B reoMeTpllH rrponyCKa.HH.11 ll 0Tpallt8Hll.ll. 
HeilTpOHHw1 noTOR MO.DYJillpoBaJIC.ll Cil8n;HaJlliHO o6pa60T8HHHMR M8TaJIJIHqecKH

MH MaCTHHaMH TO~O! 0,1 MM, saitp8M8HHHMll Ha 'AllCK8 B COOTB8TCTBllll 
c nceBAoc;ryqa!Ho! noc;re~oBaTeJII,HOCTI>D c N = 12?. Pa6oToil cneRTpo
MeTpa ynpaBMJia MHKponpon;eccopHa.11 CllCTeMa, paspa60TaHHa.ll ll H8rOTOBJI8H
HM B JlH~ OHHH, ROTOpM no HSMepeHHOMy pacnp8A8JI8HHll BOCCT8HaBJIHBaJia , 
B COOTB8TCTBHH C WOP-fYJIO! (l) HCCJI8.IJY8MH8 BpewmpOJI8THH8 cneKTpH. 

Ha p0aJII,HyD Wymtn;HD paapemem111 cosAaHHoro crreKTpoMeTpa MOryT oxa
suBaT:r, BJIH.IIHH8 ~ WSRTOpoB H B qacTHOCTH: H8TO'IHa.ll CHHXpoHH88.IJ;HJI Bpe
M8HHOro aHaJIHSaTopa C npepHBaT8JI8M, KOH8ll1Ia.ll TOllHOCTI, HSNTOBJI8HH.ll ll 

yCTaHOBKH MaCTHH npepHBaTeJIJl H HX H8HYJI8BaR: TO~a. Mammm:oe MO'A8-
JIHPOBaHH8 yxasammx annapaTypHHX HCKaxeHKII: C IlOCJI8.IJYD118! 3KCil8pHM8H
TanHOil npoBePKo! WOpMbl <pymcn;HH paapemeHll.11 c rroMO~D a,n,q,a-qacT~, 
HMHTHPOBaBIIUIX 68CKOH8'IHO 6HCTPH8 He!Tpomt, noKaSaJIO, ~TO no CpaBII8HHll 
C H'A8am.ma&,c;ryqaeM rrpoHCXOAHJia JIKlilI, H8SHaqHT8JI:E,Ha.ll 'ASWOp.18.IJ;HJI OCHOB
HOro mma <pyHlCn;HH, a nOJIBJI.llllmH8CSI 'A0Il0~HT8JII,Hl:,18 annapaTYpHH8 BH6pOCH 
H8 npeEHlllaJlll 2-3% OT ero IlJIO~. Il09TOMY Cil8KTpOM8Tp noSBOJI.llJI, B 
npmmmre, Ilp0BO~TI, Cil8KTpam,ali8 llCCJI8'AOBaHH.ll C JKasmmo! CTaTHCTH
qecxoil TOllHOCTI>D. Ero aHepreTHqecxoe paapemeHHe, HanpHMep npH aHep
rHH He!TpOHOB B ?O H8B, .It,llHH8 npoJieTHo:lt 6asu 1 M H mHpHHe KaHaJia Slia
JIHsaTopa l MC, COCTaBJI.llJIO I HaB H MOrJIO 6HTI, YJIYtnll8HO npll 60JI88 AJIHH
HO! 6ase. 
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BoSMOJmOCTli COSAaJIHOro Cll8KTpOM8Tpa 6WIH llPO'A8MOHCTpHpOBaHH Ha 
npHMepe HCCJI8'AOBaHIDI peSOHaHCHOtt SaBHCHMOCTli KOaj)ql~eHTa nponycKa
HIDI YXH qepea H8ttTpOHHH8 HHTepq,epeHW!OHHUe ~WII,Tpu H B HSMepeHIDDC 
Cll8KTPOB llOTOKa YJibTpa.xOJIO,IJ;llllX H8ttTpOHOB HS SKcnepHM8HTaJII,Hlll KaHa
JIOB perutTopoB CM-2 HID1AP HM.B.H.~eHHHa H HP-8 lfA.3 HM.H.B.KypqaToBa. 

TpeTNJ rJIBlla llOCBmll8Ha OilHCaHHD SKCll8pHMeHTOB no HCCJI8AOBaHIDO 
SHepreTHqecKott SaBliCHMOCTll KOaj)ql~eHTa OTpaJJt8HIDI YJibTp8.XOJIO,IJ;llllX Hett
TpOHOB OT llOB8pXHOCTli H8KOTOp!D( B8~8CTB C 6ommHM ceqeHH8M aa.xBaTa 

H8iiTpOHOB. 
no aHaJIOrlili C OllTHKOtt ,l1,1Ili CMl>HHX norJIOTHTeJie:tt 'AO~O Ha6.mo.n;aTb

CH A06aBOqH08 0Tpal!t8HH8 HettTpOHOB OT llOB8pXHOCTH paaAeJia BaKYYM-llOr
JIO~aJOillWI cpeAa, o6yCJIOM8HH08 aa.xBaTOM liX B8~8CTBOM li Ha3BaHH08 H.H.I'y
peB11q8M :U TI. 3.HeMHpOBCKliM 11M8T~qecmm" 0Tpal!t8HH8M. Ero Be~qHHa 
SaBllCHT OT ceqeHHH aa.xBaTa ll SHeprHH HeilTpOHOB li CTaHOBllTCH SaM8THO:tt 
,I1,1I1i HSB8CTHUX HSOTOllOB J!Hlfil, npll AOCTaTOqHO MaJWX SHeprIDDC, KOrAa ~H
Ha npo6era H8ilTpOHa B norJIO~aJOlI{eil CP8'A8 CTaHOBHTCH CpaBHRMD:tt C ero 

~HHOil BOMH. 
B paspa6oTamron YCTaHOBKe, npe,n;HaSHaqeHHott ,l1,1Ili llSMepeHHfi KOaj)q)H

Ull8HTOB OTpallteHM HeilTpOHOB OT llOBepXHOCTll B8~8CTB, KO~lipOBammii 
llOTOK YXH OTpaJKaJICH OT S8PKaJia HS H8plitaB8l!Ill8il CTaJIH li llOCTYTiaJI Ha 
BXO'A BpeMlillpOJISTHOro Cll8KTPOM8Tpa. B CHCT8M8 llOM8.PJIWBaJIH BrutYYM Ha 
ypoBHe 10-5 Topp. IlocKomey nprutTHqecKH BC8 HSB8CTHUe MST~ Ha BOS
AYX8 OKHCJIIDOTCH, TO liCCJI8.IJY8Mll8 Be~eCTBa HailWI.flJIH Ha llOBepXHOCTb sep
KaJIB. HenocpeACTB8HHO Ha ny~e YXH. KoHCTp~ HcnapHTeJiefi llOSBO~a 
rrpoBO'AliTb H8CKOJibKO IlOCJI8AOBaTeJil.HHX HcnapeHlitt cMeceft liSOTOllOB Ha 

rro~oJKKY. 
,IJ,7m rro~qeHM 'AOCTOB8pHillC pesymTaTOB TiepeA K8.l!r,!UlM HCllapeHH8M 

liCCJI8.IJY8MOro Be~eCTBa rOTOBWIH S8PK~HYJO H80TpalKaJOlilYID HettTpOHll llO'A
JIOlKKY Hs cMecn: 152 Sln.. 0 , 4- 00TSmo,s H HSMeprurn oTpaJKeHHe ·oT Hee 

(puc. 2a). Koa~~lleHT OTpaateHHH HefiTpOHOB OT IlOB8pXHOCTH CWibHO TIO
rJIO~aJOillllX HSOTOllOB Ka,Il;l,lim-113 ll raAQJIHHllii-155 npHB8'A8H Ha pllC. 26 n: 
2B. TaM ~e IlOKaSaHll pesymTaTU pacqeTOB C yqeTOM peSOHaHCHOro IlOB8'A8-
mrn ~TY'A pacceHHHH (KpHBll8 1), ,l1,1Ili HYJI8BOR MHHMOH qacTH (KpliBH8 2), 
a Ta.IOK8 rrpn: H~qlili IlOB8pXHOCTHOtt OKHCHOfi MSHKH TOJilllHHOfi 50 i (Kpli-' 
BH8 3). PesyJibTaTU CBH,ll;8TemcTBYIOT O TOM, qTo ,l1,1Ili ra,nOJIHHHH-155 HM8-
8T M8CTO B qliCTOM BH,IJ;e 0Tpaat8Hll8 HefiTpOHOB, o6ycJIOM8HH08 MHHMOil qac
Tbil llOT8HUHaJia. ,IJ,7m Ka,n;MHH-II3, Krut li O~aJIOCb, BMa,IJ; saxBaTa BOT
paat8Hli8 H8B8JIHK, HO T8M He MeHee 8KCII8pHM8HTaJlblill8 'AaHHll8 Jiyqme corJia
COBHBaJlliCb c pa~qeTHOfi KpliBOfi l Ha PRC. 26. 
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0,4 
a Pllc. 2. 3KcnepHMeHTa.JU:,HHe 

R 152 ecm 'AaHHll8 H pacqeTHue KPHBll8 0,2 Sm0.4 Sm0,6 
K08~~8HTa 0Tpal!t8Hlill YXH 

0 OT paMH'IllllX MaTepllaJIOB. 
1i _, ........ ··-·- . 0,2 

0 
0,4 ~ ,,I'\.~ ~ 

0,2 

0 
2 4 V.1,MC1 

B qeTB8pToft·rJiaB8 OilliCaHll 8KCnepID/IeHTll no HSMepeHmo IlpHMUM Me

TO~OM B8p0HTHOCTH SaxBaTa YJibTp8.XOJIO.n;HllX HeRTpOHOB rrpll IlOA6apb8pHOM 
0Tpal!t8HHH liX OT llOBepXHOCTli M8.n;HUX M8HOK pasJiliqHOfi TO~HHU, HaH8C8H
HillC Ha IlOB8pXHOCTb CT8Ma. 

HecMOT,PH Ha 3HaqHTeJibHUft rrporpecc B IlOHCKa.x BOSMOJIOIUX rrpHqHH 
aHOMBJlbHO 60JiblllliX yTeqeK YXH HS JIOBymeK rromoro COOTB8TCTBHH TeOpHH 
C pes~mTaTaMli 8KCil8PliM8HTa IlOKa He 'AOCTHIHyTO. Han6oJiee· oqeBH,n;Hll 
ABa BOSMO.lKHUX rrapnuaJI:&HU:ic KaHaJia TIOT8pli H8fiTpOHOB rrpll XpaH8Hlill: Heyrr
pyroe pacceHHHe H SaxBaT, IlpHqeM rrepButt HS HHX yxe HCCJI8AOBaJICH .ru>Y
rm.m aBTOpaMH. HaMH 6oJiee ITO.IUJ06HO a.Ha.7.IllSlipoBaJICH BTOpo:li Ka.HaJI. Ilo
CKOJ!bKY SHaqeHH8 BepOHTHOCTH YT8~li HeliTpOHOB rrpli HX xpaH8Hlili C~8CT
B8HHUM,06pasoM SaBHCHT OT Cil8KTpa xp~xc,r H8HTpOHOB, TO TI.PH o6pa-
6DTK8 pesyJibTaTOB 8KCIT8PHM~H'TOB HcrromsOBB.1.ICH peaJ.Imutt crreKTp, HSM8-
peHHUtt C IlOMO~bID COSAaHJIOro KOppe~HOHHOro BP8MlillpOJI8THOro cneKTpo
M8Tpa. 

.IJ)m 0Ilp8A8JI8HM KOaj)ql~H8HTa IlOTepb YXH sa cqeT SaxBaTa HX HA
PaMH CT8HOK COCYAa xpa.HeHIDI 6WI liCITOJ!bSOBa.H HefiTpOHHO-rutTHB~OHHuil 
M8TOA. TOHKHe CJIOH M8'AH, Tep.mqecKH HaITWieHHUe Ha IlOB8pXHOCTH CTeK

JI/lHHUX (MaPKH FLOAT) MacTHH, rroMe~aJ.IH B 061,eM o6~qeHHH. 06~qeH
HUe noToKOM YXH CJIOH XHMHqecKH CHHMB.1.IH H TIO cnenuaJ.Imo paspa6oTaHHott 
T8XHOJIOrHH HSrOTaBJ!HBaJlli TOHK.He 06pa3IU1 cy;r~n:,n;a M8'All ,l1,1Ili HS!,rnpeHM 
HaB8'A8HHOtt 6eTa-rutTllBHOCTli liSOTorra 64Cu . COS'AamIWI ,l1,1Ili STOtt ~8JllI 
MaJI~OHOBWI YCTaHOBKa Ha OCHOB8 ~OTOqHOro 411:" -cqeTq:l{Ka HMeJia CTa-
6B'.1II,Hl:Ul ~H Ha YPOBH8 1,4•10-2 c- rrpli 8~8KTHBHOCTH 0,72 ± 0,0I. 
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,lJ;l/1 IlOJIY'l8HWI 3KCil8pHMeHTaJil,HOro SHaqeHWI K03qql~8HTa norJiome
HIDI YXH He06XO,IO'IMa B8JIHqmra IIJIOTHOCTH IlOTOKa HeilTpOHOB, 06.nyqaxmunc 
IlOBepXHOCTl,, Onpe,neJiffJIH ee MBTO.D;OM "qepHoro" .D;8T8KTOpa - npono~o
HaJil,HOro reJIHeBoro cqeTqHKa c HBXOTIHTeJll,Hott KBMepott nepe.n HHM H Ma
JI8Hl>KHM OTBepCTHeM (I cM2),Be~HM B 06.nyqaewilt o6~1iM. Mammmoe- MO
,neJDipOBaHH8 C p88JI:bllllM Cil8KTpOM IlOTOKa YXH IlOKasaJio, qTO 8qqJBKTHB
HOCTl, ,Ite.T8KTOpa COCTaBJIJiJI8. 77%. YrJIOB08 pacnpe,neJI8HH8 IlOTOKa B o6~-
8M8 06JIY'l8HIDI H cna,n; IIJIOTHOCTH B.D;OJll, ero OCH KOHTpoJDipoB~ cne~~
IWMH BXTHB~Omna.m: .D;8T8KTOpaMH. OHH npe,nCTaBJIJiJlll co6ott CTOilKH HS 
~Jll,r ,nll8M8Tp0M I CM H TO~ott 7,8 MI'/cM2 K~M, HSrOTOBJI8~ HS 
HHK8JU,-Mapr~eBoro CIIJia.Ba C HYJI8BOtt rpaJ!HqHOtt SHeprHett. IJJIOTHOCTl, 
IlOTOKa H8ilTpOHOB onpe,neJtlLIIH no BeJDiqxme HaBe.nemrott 6eTa--axTHBHOCTH 
HSOTOila MapraHen;-56. TaxHe ,neTeKTOpH IlOSBOJIHJil'l 0,IJ;HOBpeM8HHO B H8CKOJU,
KHX TOqKax o6~1iMa KOHTpOJDipOBaTl, IIJIOTHOCTl>, IlpBltTHqeoKH He Hapymaa 
pacnpe,n8JI8HHJI IlOTOKa YXH. 

PesyJU,TaTH HSMepeHHJI SaBHCHMOCTH KOSqqJ~eHTa norJiomeHHH YJU,Tpa
XOJIO,n;liHX HettTpOHOB JI.IU)aMH 63C.u OT TOJIIIlliHh[ H~emroro CJIOH M8.D;H 
IlOKaSaJIH Ha pnc. 3. TaM xe rrpHBe,D;eHH paccqHT8HHH8 KPlIBH8 ,ItJilI peaJU,

HOro crreKTpa ITOTOKa YXH IIpH 
f'j•104 

_ paSJIHqHHX TO~ax OKHCHOil 

7/:,:_ :.__::-=-:-=.-=-:-=.-:_:-=.-=-:-=.-=-:-=.-=-:-=.-=-:-=.-=-:-=-----= !dtu; 
CuO 

d,A 
_.....___~~~---=s~oo,........~~~-..,,,□~o--=-o-' 

PHc. 3. 8ltcnepHMeHTaJil>HHe H pacqeT
HHe xosqqi~eHTH rrorJiomeHrui: YXH npH 
OJpaxeHHH OT IlOBepXHOCTH Me.D;H B sa
BllCHMOCTlI OT TOJIIIlliHh[ CJIOH Me.D;H H 
OKHCH Ha ero IlOBepXHOCTlI. 

IIJI8HKlI Ha IlOB8pXHOCTH CJIOH lI 
annpoKcHM~ rro MHI< K pesyJil>
TaTBM 8KCil8pHM8HTa (BepXHHH 
KpHBM), To~a OKHCHOii IIJI8H
KU_ HCCJie.nyeMHX o6pasn;oB, 
HSMepeHHM M8TO.D;OM oxe-sJieK
TpOHHOil Cil8KTpOCKOilHH B.A.CTe
IlaHtm:KOBhlM, H8 IIp8Bl:llllaJla 
15 i, ,lJ;l/1 TBXHX OKHCHHX CJIO
ep npeBWIIeHHe sxcnepm.ieHTaJU,
HHX pesyJU,TaTOB H8,ll; paCCql{
TBHHNMH COCTaBHJIO I,27±0,06 
H IlOJllIOCTl,D o6~c~OCl, me-
poXOBaTOCTl,D IlOB8pXHOCTlI Ha
IIWI8HHOro Me,D;Horo CJIOH. 

Cne,noBaT8JibHO, aHOMaJillli B M8XaHHSM8 YT8lJKII YJil>TpaxOJIO,n;liHX HBiiTpOHOB 
HS JIOBym8K, o6yCJIOBJI8HHOM saxBaTOM HX SI.IWBMH CT8HOK, H8 o6HapYJit8HO. 
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l1s plIC. 3 CJI8,Izy8T Ta.Kll8, qTo Ha6mmaBmaHCH B sxcrrepHMeHTe r.ny6H

Ha npOHHKHOB8HHH YXH B BemecTBO IlplI sepKaJil,HOM OTpaJt8HHH OOOTB8TCTBO
BaJia pacqeTH!lM .namrw. 

IlliTM rJiaBa IlOCBJillleHa paspa60TKe MaI'HHTHUX M8TO.D;OB 6HCTpott MO
.ny~H IlOTOxa. YJll,TpaxOJIO,ItHWC H81Tp0HOB H rrpHMeHeHl:Ill oos.namrwc npepH
BaTeieft C q>eppOMaIHHTHHMll IIJISHKaMH B KOppe~OHHOft Cil8KTPOM8TpHH no 
BpeMeHH npoJieTa. 

IlOCKOJI&KY M8xruJHqecKH8 MO,IzyJIHTOpH Cil8RTpOM8TpOB o6Jia,n;aDT pli.llOM 
H8.D;OCTaTKOB, TO 6HJIH paspa60TaJIH MaI'HHTHHe npepHBaTeJIH, KOTOpae 60JI88 
KOMIIBXTHH, y,no6HO CHHXpOHHSHPYDTCH c BpeMeHHHMH aH~SaTOpaMlI H nepe
CTpaHBaDTCH Ha paSJIHqH08 UCJIO KaHMOB, 06JI8,ll;allT llOBWIIBHHHM 6acTpo
,ne!cTBH8M, a Ta.Rllt0 JI8I'KO rrepeKJIDqaJlTCH C 06HqHOtt BPBMHIIpOJI8THOtt crrex
Tp0M8Tplili Ha xoppe~OHHYD, IlpHHn;HII HX .nettcTBHH OJ;.HOBaH Ha OTpaxeHHH 
YXH OT MaI'HHTHoro noTeHD;HaJil>Horo 6ap1,epa V ""' -j B , .nonOJUIJlll!Ile
ro sr.n;epHwt H cos,naBaeMOrQ BSaHMO,nettcTBH8M !,X MaI'HHTHOro MOMeHTa 1 
C MaI'HHTHHM IlOJieM B BemecTBe C HH.nyK~ett e, 

8ltcnepHMeHTaJil,HO HCCJI8.D;OBaHHlitt rrpepHBaTeJU, H8ITOJIHpli30BaHHOro rro
TOKa YXH cocTOHJI HS .D;Byx q>eppOMaI'HHTHHX IIJieHOK ( Ni0 , 5 - Fe0 , 5 ) TOJimH
Hoft 3 MKM H q>OJU,rOBoro 8JlJlv!HHH8BOrO CITHH-q>JIHITITepa MeJIUJY HHMH. IlpH 
nporryCKaHHH TOKa qepes q>omry MaI'HHTHHe IIJIEiHKH IlpOTHBOITOJIOll!HO HaMar
HHUBMHCl, H He!TpOHHait IlOTOK .D;OJIX8H 6HJI rrepeKpHBaTtCH, 0TKpHT08 coc
TOHHH8 COS.D;aBaJIH,HBManrnqHBaH BH8mHHM IlOJI8M o6e IIJISHKH B 0,IJ;HOM HarrpaB

JI8HHH. 0,D;Haxo, B 3KCrrepmvieHTe r.ny6mra MO,JzyJI!ll.(HH (OTHOID8HH8 CKOpOCTH 
cqeTa H8i1TpOHOB B OTKpHTOM H SaKpHTOM COCTOHHHH) .D;allte B6JIHSII OCH 
CITHH-q>JIHITITepa, r.ne IlPaKTHqecxu IlOJllIOCTl,D C06JIKmaJIOCl, ,ItJilI HeiiTpOHOB 
ycJIOBH8 H88,ll;Ha6aTHqecKoro rrpoxo:ar,n;eHHH, COCTaBHJia JIHIDl, 5,0±0,6. 3TO 
MOrJIO 6H:Tl, CBHSaHO C H8ITOJllIOi1 ITOJIHpHSan;Hett YXH rrpH npoxo:ar.n;eHHH qepes 
Ka:ar,n;yD q>eppOMaI'HlITHYD ITJieHKy. IlpHMeHeHHe TaKOro MO,IzyJIHTOpa BO BpeMH
npoJieTHott crreKTpOM8TplilI HerrepcrreKTlIBHO, IIOCKOJll,KY CpaBHlIT8JI:E,HO 60Jil,
IDM TOJill!liHa q>OJU,rli CIIHH-q>JIHITITepa (0,75 MM) orpaHlI'llIBaJia 6HCTpo.nettcT
BlI8 rrpepHBaTeJIH II OCJia6Jiff.1Ia rra,n;~ HettTpoHHwt IIOTOK, IlOSTOMY 6HJI 

paspa60TaH II HsyqeH 6ecq>O~l,r0Bml: rrpep.uBaTeJll,, KOTOpHtt COCTOHJI lIS ClIC
T8MH qepe.IJYl)lllHXCH q>eppOMaI'HlITHHX IIJI8HOK .D;BYX COpTOB C CWU,HO paSJillqa
lJllHMHCH SHa'ieHIIHMB KO!lp~TlIBHHX CHJI. IlpB HaMarHIIqHBa.HHH BC8X IlJI8HOK 
B 0,IJ;HOM HaITpaBJI8HlilI peaJIHSyeTCH OTKpHT08 COCTOHHIIe npepHBaTeJIH. Ilepe
MaI'HHqHBM CHCTBMY, MOlEHO .D;OCTll'll, Taxoro COCTOHHIIH, KOr,na IIJI8HKH C 
M8Hl>IDIIM SHa'i8HH8M KO!lp~TBBHOft CWIH -yxe rrepeMaI'HlITlIJIBCl,, a C 60Jll,mlIM 
- 01110 coxpaHHJIH rrpemee HaITpaBJI8HlI8 HaMaI'HIIqeHHOCTlI. EcJIB rrp:e: STOM 

IIJI0HKlI o6~a,n;aJIII IOO% IIOJIHpHSYIJll8tt CilOC06HOCTl,D H B rrpocTpaHCTB8 Me:ar,n;y 
HHMH C06JID,D;M0Cl, yc~OBlI8 H8a.D;Ha6aTHqeoKoro npoxo:ar.n;eHHH, TO He!TpoHHaft 
IIOTOK .D;OJDlt8H IlOJIHOCTl,D rrepexpHBaTl,CH. 
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3KcnepID11eHTaJ11,HM npoBepKa npe,Ji,Io;iteHHoro rrpmraana MO,Izy.7I.Ha,rn: rro
TOKa YXH 6wra rrpoBe.rteHa Ha rrpoKaTaHHHX qiom,rax rrepMaJIJIOH (Ni

0
,
5
-Fe

0
~) 

TO,'Il!llilIOH 3 MKM C K03p~lllTlllBHHMll CMaMlll 13 ll 3 3. r.n:y6HHa MO,lzy.7Iflallllll B 
mrTepBaJie aHeprHH YXH I307I70 HaB cocTaBHRa 2,9±0,I H 12,5±3,0 ~ 
~yx- Ill 'l8T!lpexcROHHOH CIICTeM COOTBeTCTBeHHo. IIOCKORJ,KY IICCRe,ItyeM!IH 
MO,IzyJL~TOp B OTKp!ITOM COCTO.ffi!Hll B H8CKORI,KO pas OCRa6~ HeHTpOHH!IH 
IIOTOK, TO 6WIH 003,ItBH!l rrpep!IBaTeRH, COCTO.flJ!llle H8 Tep.mtieCKH HarrwreHHHX 
Ha KpeMHl18B!le MaCTIUI!l M8HOK TOJilllIUIOtt I000+2000 i. "MarnHTO;JteCTKHe" 
II "MaI'HHTOWirKHe" CROil H3rOTaBRIIBaJ!H BHatiaJie II3 ecT Fe H 
ecT Ni - ecT Fe a SaTeM 113 ll30TOIDiblX CMeceH 54 Fe - ecT Fe 0,5 0,5• 0,4 0,6 
11 

60
Nio i:c- ecTFeo 5 COOTBeTCTBeHHo. Me;imy qieppOMaI'HIITHblMH CRO.lil4H Ha-,., , 0 

HOCMl1 KpeMHHeBRe rrpOCROHK11 TOJilllIDIOtt 2000 A, rrpe,ItOTBpa!JlaBWHe IIOHBRe
HHe rrepexo~ott 06RaCTH, B KOTOpott BOSMOllteH a,n;n:a6aTH'lecKd IIOBOpOT CIIH
Ha HettTpOHa. M3MepeHHble KPHBble rrporrycKBHIDi H8HTPOHOB ~yx-ll tieTRpex
CROHHOH (rro 'IHCJIY qieppoMaI'HHTHHX CROeB) CHCTeMOH IIR9HOK H3 YKa3aHHOH 
BRme CMeCH 1130TOIIOB ~ HHTepBaJia 3Heprml: YXH OT 55 ,ItO 190 H3B IIOKa
Sa.Hbl Ha PHC. 4. r.n:y6rma MO,Izy.7IflaHH COCTaBRJ.Ia COOTB9TCTB9HHO 3, 7±0,3 H 
I3,7±I,3, a OCRa6~eHHe IIOTOKa aa C'leT H0COBepmeHCTBa 'l9T!lpexc~ottlioro 
npepuBaTeM - 0,73±0,03. IlOCKORbKY npn: rrepexo.rte OT ~yx K 'l9T!lpeM Mar
HlllTHRM C~OHM CKOpOCTI, C'leTa ,IteTeKTOpa B OTKPRTOM COCTO.llHHH llpaKTHtiec
KH He H3MeHHRac1,, TO B rrepcrreKTHBe B03M0l£HO IIOJzytieHie 6oRee BblCOKHX 
3HatieHml: r.n:y6IDI!l MO,Izy~H IIyTeM YBeRHtieHHH 'IHCRa HarrwreHHIDC CROeB. 
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PHc. 5. CneKTp no BpeMeHH rrpoReTa 
HefiTpOHOB, npome~n:x qepea IDITep-_ 
qiepe~OHII!IH qJMI,Tp, HSMepeHlI!ltt 
Koppe~OHHliM CII0KTPOM0TPOM C 

Pile. 4. KplllB!le rrporrycKaHIDi YXH TOHKOIIJI8HO'lHw.1 qieppOMaI'HHTHblM rrpe-
~yxCROHHw.1 (I) H 'l0TRpexcROHHw.l pRBaTeReM (rroTe~aJII,HM CXeMa 
(2J qieppOMaI'HHTHw.1 TOHKOIIReHO'lH!lM ~HRI,Tpa IIOKa3a.Ha Ha BCTaBKe). 
rrpepRBaTeReM. 

IO 

C03,Ita.HH!lH 'l8TlipexCRO~ rrpepb1BaTeJI1, 6WI HCIIOJI1,30Ba.H ~ BpeMH
IIPORSTHOH Kopp~OHHOli crreKTpOM8TpHH YRbTpaxORO~liX HeHTpOHOB. CTa
~OHapHoe Il0R8, 3a.Impa!llll89 rrpepRBaTem, COCT~O IO 3. HMrrymcHoe 
IIORe HarrpHXeHHOCTI,ID 20 3 ~OCI, reHepaTOpOM nceB,ItOC.n:yqattliott no
CR9,ItOBaT0Rl,HOCTH H3 127 3R9M8HTOB C nepHO,ItOM 0,4c, OHO nepeBO,IJ;llJIO npe
p!IBaTem B OTKpblTOe COCTORHHe. HettTpoHbl pern:cTpHpOBaRII 11BC8BORHOBw.111 

.rteTexTopoM. IIo.n:yqeHH!ltt cneKTp no BpeMeHH npoReTa YXH, npome~ qepes 
HHTe~epe~OHHHit qJMbTp, npn: MHHe IIpORSTHO:li 6as!l 106 CM IIOKa3BH Ha 
pHc.5. irop.ia cneKTpa COOTB0TCTBOBaJia pacqeTaM H pesymTaTaM H3MepeHHH 
Ha cneKTpOMeTpe C M8XB.HH'l8CKHM npepRBaTeReM. 

ITOCKOJII,KY 6blCTPO.rte:licTBHe paspa60TaHHOrO MaI'HHTHOro rrpep!IBaTeM 
onpe,Ite~OCI, npaKTH'leCKH TOJII,KO BpeMeHSM npoxo~eHHH He:liTpOHOB CKB03I, 
Hero, TO, B np~e. npH M8TpOBOH 6ase ,ItOCTH;JtHMO 3H8preTH'l8CKOe pas
pemeHH8 Ha ypoBHe ro-11 H3B, orpaHH'IHBaeMoe RHWI, COOTHOW8HH8M Heonpe
,It8R8HHOOTeit. 

B npMOJJt0HHH paOCMOTp8Ha B03MOl£HOCTI, YB0RH'l9HHH IIROTHOCTH ym,
TpaxMO.n;HWC HeiiTpOHOB B ROBymKax Ha HMIIyJII,OHliX HeiiTpOHHHX HCTO'lHHKax_ 
IIyT8M rrpll!M8H8HHH B Ka'l8CTB8 BXO~liX OKOH 6blCTp!IX qieppOMaI'HHTHliX rrpe
pRBaTeRe:11. Ilp8MOllt8Hli ~e KOHCTP~ KOHB8pTopoB C pasBeTM8HHO:li no
B8pxHOCTbIDI ~H'i8CKM H llpm.!:OyrORmM. Pesym,TaTH 'IHCR8Hl!Oro H3Y
'l8HIDI HaKOIIHTSRSl .rtByx THIIOB ,ItM m,mym,cHoro peaKTOpa lffiP-2 IIOKa38JIH, 
'ITO ,ItM IIOJIY'ISHWI ,ItOCTaTO'lHO 6om,m K03qlql~8HTOB BW!rpli!IIB. H806XO,ItH
Mbl rrpepblBaTeJm C 3KCTpeM8JJNJHMPf CBOitCTB8Mlll. 

B 3BKRID'l0HlH ,ltH008pT~H CqJOJMYJ1HpOB8Hl:l OCHOBHH8 pesynTaTH pa-
60TH. 

I. BIIepBHe p8aRH30BaHa KOpp~OHH8Ji BP8MHrrpOR8TH8Ji MSTO,ItHKa 
HSMepeHWI BHepr8Tlir'l80KHX CIISKTPOB B 06RaCTH ym,Tpaxono,ItHHX He!TpOHOB 
H COS,It8H Cll8KTpOM8Tp C M8X8Hlir'l8CKBM npepRBaTSRSM, IIOSBORHBWHii H3Me
!)JiTI, CII8KTPbl IIOTOKa HSitTpOHOB C paspemeHReM ,, 1 H3B. ,lJ;lm 3Toro: 

- BII8pBble paspa60T8H ,ItM ,wranasoHa 8HeprHH YXH "BCSBOJlHOBOit" 
C~T~OHl!!IH ,It8T8KTOp H0!TpOHOB; 

- BII8pBb18 paspa60TaHa MSTO,ItHKa H3MepeHHH CIISKTpaRI,HOit SaBHCR
MOCTH 3qlql8KTHBHOCTH H OTpalltaT8Rl,HOit cnoco6HOCTH ,It8T8KTOpOB YXH, Ha 
OCHOB8 KOTOpo! H3yl!8Hbl Cll8KT~e xapaKT8pRCTHKH ,It8T8KTOpOB pas.nHtI
H!lX THIIOB; 

- 'IHCRSHHO H3yl!8Hbl B03MOJ£Hli8 annapaTYpHble HCKallt8HHH ~ pas
pemeHHH COS,Itamroro CII8KTpOM8Tpa;· 

- rrp0,It8MOHCTPHPOB8HH BOSMOlEHOCTH H IIP811lMYlll8CTBa 003,ItamIOro cneK
TPOM8Tpa Ha rrpma:epax HCCR8,ItOB8HRll CIISKTPOB IlOTOKOB YJaI HS 3KCII8pH
M8HT8Jll,H!,JX Ka.Ha.JIOB H IIOCRe npmco~eHWI H0HTpOH8MH IDIT8pqiepe~omrax 
qllllJll,TpOB. 
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2. HCCRB~OBa.Ha BOSMOlEHOCTl, nplWBHBHRli B KOPPBJim:tHOHHOtt BpeMJIIIpO
R8THOtt CITBKTpoMeTpHH YXH npepWJaTeRett ITOTOKa HBttTpOHOB H8M8Xa.HHqec
KOro Tana. IlpH 3TOM: 

- BnepBHe 3KCnepHM8HTaRbHO HsyqeHa MO.IJYJililUUI ITOTOKa YRl>TpaxORO~
HWC H8ttTp0HOB npepWJaT0R8M, COCTO.aJIIHM HS WORl>rOBOro CnHH-qiJIHnnepa H 
MYX W8pp0Ma.I'HHTHWC M8HOK Ha ero IlOB0pXHOCTH; 

- peMHSOB8H H aKcnepHMeHTaRbHO HCCR0~0Ba.H HOBall: M0TO~ npepWJa
Hllll HBttTpOHHOrO ITOTOKa CHCT0MOtt qepB.DYJOOlHXCH weppOMarHHTHWC M8HOK C 
CYJll0CTB8HHO paSJIHqa.JallHMHCH sHaqeHHRMH K03~THBH?tt cwm. Cos~BHHH0 
MHOrOCROflHHe weppOMarHHTHU0 MO.IJYMTOpH HCII!iTa.HH B CTaTHq0CKOM H ~HHa
MHqecKOM pellWMax,H np0~0MOHCTpHpOB8HO, qTO OHH MOryT 6HT1, HCITOR1,30Ba
Hll: B KOppemmzoHHott BpeMmipOR8THOtt CIT8KTpOM0TpHH YRl>TpaxORO,IJ;HWC Hett
TpOHOB CB0PXBHCOKoro paspeweHWI. 

3. C IlOMom1,ro cos~oro CIT8KTPOM8Tpa YXH C MexaHHqecKHM npepHBa
T8R0M: 

~ HsyqeHa B ny'IKOBOM 8KCnepHM8HT0 cneKTpMbHM saBHCHMOCTl, KOSW
WHWi0HTa OTpaiiteHHH YXH OT ITOB0pXHOCTH BemecTB C 60R1,lllHM ceqeHHeM 
saXBaTa (KB,D;Mlrtt-II3, ra,nORHHHn-155) , 

- BnepBH0 IlpaMHM M0TO~OM H8MepeHa B0POHTHOCT1, saXBaTa YXH npH 
no~6ap1,epHOM 0Tpallt8HHH HX OT ITOBepXHOCTH M0~ll H rRY6HHa npoHHKHOBe
HHH HettTpOHOB B BemecTBO npH sepKMl,HOM OTpruKeHHH. B npouecce HCCR0-
~0Ba.HHtt ITP8MOX0H ll paspa60T8H M8TO~ 0.n;HOBp0M0HHOro MHOroToqe,moro 
ll8M8p0HHH pacnpe~e~eHHfl MOTHOCTH ITOTOKa YXH aKTHBauHOHHHM ~8T0KTO
poM C qyBCTBHT0Rl>HOCT1,ID Ha ypOBH0 I□-2 H/CM2c. 
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