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MccJie).(oBamrn: rrpouecca rrepe3ap51).(KH HYKJI0H0B H 51).(ep Ha 

H/WaX nptt 3Heprn51X B HeCK0JibK0 f 3B Ha HYKJI0H ).(aJIH MH0ro 

lUITepeCHbIX pe3y JlbTaT0B, B I.£aCTH0CTl1, 0 noBe).(eHl1l1 ).(eJibTa

l1306apbI B 51).(pax (cM.' Hanp11Mep, o63op [ 1] H CCbIJIKH TaM). 

B ).(aHHOH pa6oTe rrpHB0).(JITC.51 ).(aHHbie 0 T0II0JI0fHI.J:eCKHX 

xapaKTepHCTHKax peaKQHH C(3H, 3He), noJiyI.J:eHHbie Ha ycTaH0BKe 

fMEC rrpH HMrry Jibce 51).(ep TPHTH51 oKoJio 6 f3B / c H 9 f3B / c. 

3KcnepttMeHT np0B0).(HJIC51 Ha BbIBe).(eHH0M IIYI.J:Ke Cl1HXpo~ 

cpa3oTpoHa JIB3 OM5IM. 5I).(pa 4He, ycKopeHHbre ).(0 8 faB/c (miH 

).(0 12 faB/c), BbIB0).(HJIHCb H3 ycKopu:TeJI51 rrpH6JIH3HTeJibHO 3a 

BpeM51 0K0JI0 0,5 C R HarrpaBJI51JIRCb Ha MmIIeHb-cpparMeHtaTOp R3 

II0JIIICTHpoJia TOJIIl{HHOH HeCK0JibK0 rpaMM0B Ha KBa).(paTHbIH 

caHTttMeTp. 5I).(pa TpHTH51, o6pa30BaBIIIHec51 B pe3yJibTaTe rrpouecca 

cpparMeHTauim 51).(ep reJIH51, cpopMHpoBaJIHCb B rrrroK MarHIITHbIM 

KaHaJI0M, paCII0JI0)KeHHbIM 3a MHIIIeHbIO-cpparMeHTaTopoM. 

MarHIITHbie 3JieMeHTbl KaHaJia ( TpH ).(HII0JibHbIX MarHHTa H 

MarHHTHbie JIHH3bI) 6bIJIH HacTp0eHbI Ha HMIIY JlbC 6 faB / C (HJIH 9 

f3B / c), TO eCTb Ha MaKCHMYMbI crreKTp0B 51).(ep TpHTH51, 

o6pa3yIOW:HXC51 B rrpouecce cpparMeHTaUHH. IlpoBe).(eHHbre 

npoBepKII II0Ka3aJIH, '-ITO Ha BbIX0).(e rroJiyqaeTC51 rrpaKTH'-IeCKH 

'-IHCTbIH rryI.J:oK 51).(ep TpHTH51 (He3HaI.£HTeJibHbie rrpHMeCH rrpoTOH0B H 

).(eHTOHOB o6ycJIOBJieHbI B3aHMO).(eHCTBHeM 51).(ep TpHTH51 B B03).(yxe 

y)Ke B MecTe pacrroJI0)KeHH51 ycTaH0BKH fMEC). I1HTeHCHBHOCTb 

TpIITIIeBoro rryI.J:Ka 6bIJia 1 os - 106 I.J:aCTHU B UHKJI rrpII 

l1HTeHCIIBH0CTH nepBH'-IH0ro (reJIHeBoro) rry'!Ka HeCK0JibK0 e).(HHHU 

Ha' 108 qactHU B UHKJI, a xapaKTepHbIH pa36poc ITO HMIIYJibCY 

C0CTaBJI51JI HeCK0JlbK0 rrpoueHTOB. Ilo).(p06Hbie CBe).(eHH51 0 MeT0).(e 

rroJiyI.£eHH51 TPHTHeBoro rryqKa H ero rrapaMeTpax M0)KH0 HaHTH B 

pa6ornx [2,3]. 

OcttOBHOH perncTpHpy10rn:ei-i qacTbIO crreKTpoMeTpa fl1EC 

51BJI51eTC51 CTpHMepHa51 KaMepa, HaII0JIHeHHa51 He0H0M rrprr 

aTMOC<pepHOM ).(aBJieHHH H pacII0JI0)KeHHa51 B MarHHTH0M II0Jie 0,9 TJI. 

Pa3Mep CTpHMepHOH KaMepbI 2x1x0,6 M3. YrJiepO).(Ha51 MHIIIeHb 

TOJIIl{HHOH 1,3 r / cM2 H rrorrepe'-IHbIMH pa3MepaMH 3x6 cM2 

CM0HTHpoBaHa BHYTPH I.J:YBCTBHTeJibttoro o6oeMa cTpHMepttoi-1: 

KaMepbI npH6JIH3HTeJibHO B 70 CM OT BX0).(Horo 0KHa, 3aKpbIT0fO 

TOHKOH JiaBcaHOBOH rrJieHKOH. 5I).(pa 3He, o6pa3oBaBIIIHec51 B 
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pe3yJibTaTe rrepe3ap.HL{KII TPIITOHOB Ha BHyTpeHHeH MIIllieHII, 

rrpoJieTaJIII B qyBCTBIITeJibHOM o6oeMe pacCTO.HHIIe OKOJIO 130 CM II 

BbIXOL{IIJIII qepe3 BbIXOL{HOe OKHO. CTplIMeptta.H KaMepa 

cpornrpaqmpyeTC.H TpeM.H <pOTOarmapaTaMH, TaK, qTo HX OCH 

rrp1I6JIH31ITeJibHO rreprreHL{IIKY JI.HpHbI ttarrpaBJiemuo IlOJieTa .H,aep 

TPIITII.H II reJIII.H-3. 

.[{JI.H 6bICTporo OT6opa co6bITHH IICI10Jib30BaJiaCb TplirrepHa.H 

CHCTeMa, BKJiroqaroma.H B ce6.H HeCKOJibKO rpyrrrr CUIIHTIIJI

JI.HUIIOHHbIX C'-IeT'-IIIKOB II :rneKTpOHHKy. IlplIHUIIIT OT6opa OCHOBa!I 

Ha II3MepeHIIII aMITJIIITYJl C1Irna:710B 3apmKeHHbIX '-IaCTIIU. CqeT'-IIIKH, 

pacrroJIO)KeHbie rrepeL{ CTplIMepHOH KaMepow, HaCTpa1IBaJIHCb Ha 

perncTpau1Iro OL{H03ap.HL{HbIX '-IaCTIIU ( TplITOHbI), a C'-IeTqlIKH, 

pacrroJIO)KeHHbie 3a BbIXOL{HbIM OKHOM KaMepbI, - Ha perncTpau1Iro 

.ll.BYX3ap.H,ll,HbIX (.H.n.pa reJIII.H-3). Pa3Mep C'-IeT'-IlIKOB' pacrroJIO

)KeHHbIX 3a BbIXOL{HbIM OKHOM, 30x40 CM2, paccTO.HHIIe OT 

BHyTpeHHeH MHllieHII L{O HIIX OKOJIO 4M. 3TO I103BOJI.HeT C 

,ll,OCTaTO'-IHO BblCOKOH 3<p<peKTIIBHOCTbIO pernCTpHpOBaTb 

rrpaKTII'-IeCKII Bee .HL{pa reJIII.H-3, o6pa30BaBllIIIeC.H B peaKUlIII 

rrepe3ap.H,llKII Ha MIIllieHII. Om,IT 3Kcnnyarnu:uu ycTaH0BKH IlOKa3an, 

'-ITO orrncaHHa.H Tplirreptta.H cttcTeMa rro3BOJI.HeT rroJiy'-IaTb 

cpornrpacpirn peaKUHII rrepe3ap.H,ll,KH B MHllieHH rrptt6JIII3HTeJibHO B 

40% cJiy'-IaeB cpa6aTbIBaHH.H TpttrrepHOH CHCTeMbI. OCTaJibHbie 60% 

CTepeOCHHMKOB CB.H3aHbl C rrepe3ap.HL{KOH BO BXOL{HOM II BbIXOL{HOM 

OKHax I<aMepbI, a TaK)Ke B IlOCJieL{HeM CJIOe C'-IeT'-IHKa, CTO.Hli{ero 

rrepe.n. KaMepow, HJIII B Ha'-IaJibH0M CJioe C'-IeT'-IIIKa, CT0.Hli{ero 3a 

KaMepow. Orrttcamre ycTaH0BKII D1EC rrplIBeL{eHo· B pa6oTe ( 4], a 

xapaKTepHCTHKH CUHHTHJIJI.HUH0HHblX C'-IeTqlfK0B, HCIT0Jib3yeMbIX 

,ll,JI.H HL{eHTH<plIKaumr '-IaCTHU ITO 3ap.HL{y,- B pa6ornx [ 5' 6]. 

3KcrrepttMeHTaJibHbie L{aHHbre 06 OTH0CIITeJibHOH '-IaCTOTe 

pa3JIH'-IHbIX TOITOJIOflIH ,ll,JI.H 06e11x HCCJieL{0BaHHbIX 3Heprni1 

rrpHBeL{eHbI B Ta6JIIIUe. 

TorroJiorH.H 6 faB/c 9 faB/c 

0 0,52 0,41 

0,30 0,37 
+ 0,10 0,10 
-+ 0,05 0,08 
.[{pyrne 0,03 0,04 
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TonoJiorn.H "O" cooTBeTCTByeT KattaJiy peaKUHH, B KoTopo:-.1 

11pouecc nepe3ap.H.ll.KH TpHTH.H B reJIHH-3 He conpoBO)KL{aeTCH 

HcuycKaHHeM 3ap.H)KeHHbIX qacnru. TorroJIOfHH "-", "+" H "-+" 
C00TBCTCTBYIOT Ka!laJiaM peaKUHH nepe3ap.HL{KH, B KOT0pb!X 

Hcnycr<aI0TC}l C0OTBeTCTBeHHO o,atta OTpHUaTeJibH0 3ap.H)KeHHaH 

qacn1Ua (3TO B rro.n.aBJI.HIOli{eM 6oJibllIHHCTBe cJiy'-IaeB 0TpHUaTeJibH0 

3ap
0

.H)KeHHbIH ITHOH), 0,ll,Ha II0JIO}KHTeJib!I0 3ap.H)KeHHa.H qacn1ua 

(rrpaKTH'-IeCKH BCerL{a 3TO rrpornH) H O,ll,Ha 0TpHUaTeJibH0 

:3apmKem1a.H . c o.n.ttow, noJIO)KHTeJibH0 3ap.H}KeHHOH (Kar< npamrno, 

IIIWII G npoTOHOM). YBepeHI-IOCTb B TOM, 4TO B nepe'-IHCJieHHbIX 

TOnOJIOfHHX nOJIO)KlITeJibHO 3ap.H}KeHHa.H qacTHUa npaKTH'-IeCKH 

Beer .n.a .HBJI.HeTC.H HMeHHO npoTOHOM (a He' ttanpHMep' 

IIOJIO}I(lITeJibHO 3ap.H)KeHH,blM nHOHOM HJIH I103HTpOHOM) OCHOBaHa 

Ha B03MO)KHOCTH H,ll,eHTH<pnKauun 'IaCTHU B CTpHMepHOH KaMepe IIO 

IIJIOTHOCTH HOHH3aUlUI, no KpawneH Mepe ,ll,O HMITYJibCOB B 

11ccK0JibKO COT MuB / c, To CCTb nMettno B Toi1: 06Jiacn1 

HMTTY JlbCHOro cner<Tpa, r.ae HaXOL{HTC}l 6oJibllilIHCTBO BTOpH4Hb!X 

qacTHU. B rpacpe ".n.pyrne" rrpnBe,ll,eHbl OTHOCHTeJibHbie qacTOTbl 

KaHaJIOB rrepe3apH,ll,KH, KOTOpb!e corrpoBO)KL{aIOTC}l ncrrycKaHHC:'-1 

6oJiee '-IeM ,asyx 3apmKeH1:1bix qacTHU. K 3TOH )Ke rpynne 0Tnece111>1 

cpaBHHTCJlbHO pe,ll,KHe co6bITH.H ( HX He 6oJibllle O,ll,HOro rrpm{eHTa), 

B KOTOpbIX XOT}l 6b[ O,ll,Ha H3 .n.syx pa3HOHMeHHO 3apmKeHHb!X 

'IaCTllU no HMny JlbCY H HOHH3aUHH lfL{eHTHcpHUHpyeTC.H KaK 

3JleKTpOH HJIH I103HTpOH. IlpHMepno B 5% Bcex co6bITHH na.n.e)KHOe 

orrpeJJ,eJ!eHIIe 3HaKa 3ap.H,ll,a, no KpaHHeH Mepe O,ll,HOii H3 

HCilymeHHbIX 'IaCTlfU, HeB03MO}KHO (co6brnrn C Heonpe,lleJICHIIOi1 

TOl10JIOfHeii). Ilo4TH Bcer.n.a 3TO TpeKH qacn1u, ncnyn{eHHblX B 

nanpaBJ!eHH.HX, 6JIH3KHX I( HanpaBJieHHIO MarHIITHoro n0Jl}l B 

CTpHMepaoii KaMepe. 3n1 co6bITHH npn pac'-IeTc 0THOCHTCJ!bHblX 

qacT0T pa3J!HqHbIX TOIIOJIOrHii B aHcaM6Jib He BKJII04aJIHCb. 

IIpnBeJ{eHHb[e B Ta6mrue .L{aHHb!e 0CHOBaHbl na npoCM0Tpe 11 

a11a1m3e npHMcpHo 3000 co61,1THH .n.1rn Ka}I</J.oi1 311epnrn, t1To 

o6ecnetnrnaeT oTnocnTeJ!bHYIO c11ytraiiny10 norpemnocTb na ypom1c 

C.L{HHHU npoueHTOB. .[{aJ!bHeiimee yBeJIH'-IeHHe CTaTHCTl11(11 

neueJiecoo6pa3HO H3-3a .L{OBOJ!bHO 3Ha'-IHTeJ!bHOro 4HCJia c11yqacB 

ncpe3apH,ll,KH C 1:1eonpe.n.eJ1eHHOii TOIIOJIOnieH. 

Ilpoue.Llypa oT6opa co601THii nepe3ap.H/lKH BO m1yTpem1cH 

MHJllCHH OCH0Bana Ha mrnyaJ!bHOii oue11Ke OTHOIIIeHH.H OIITHt[eCKHX 
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IIJIOTHOCTeH TpeKOB .l{O H IIOCJie MHllieHH. IIocKOJibKY IIJIOTHOCTb 

HOHH3al.lHH reJIHH-3 B lleTbipe pa3a 60Jibllie IIJIOT.HOCTl1 110Hl13al.l1111 

HL{ep Tp11Tl1H, TO BbI,l{eJieH11e TaK11X co6bITl1H B 60JibllI11HCTBe 

cJiyqaeB He ITpe.l{CTaBJIHeT Tpy.l{a. Jl11llib B cpaBHl1TeJibHO pe.l{KHX 

CJIYllMX, KOf,l{a H3-3a 3Halll1TeJibHOfO l{l1CJia IT.sueH Ha TpeKax 

BII3yaJibHaH HL{eHTHCp11Kal.lHH 3aTpy.l{HeHa, ITpH OT6ope C06bITHH 

HCITOJib30BaJil1Cb pe3y JlbTaTbI 113MepeHl1H 11MITY JlbCOB BTOpHllHbIX 

l!aCTHl..l. ilMITYJibC HL{ep reJil1H-3 o6bll{HO 6Jil130K K 11MIIYJibCY p 
nepBHllHOfO Tp11TOHa, B TO BpeMH KaK HMITY JlbCbI ,l{eHTOHOB H 

npoTOHOB, o6pa3oBaBIIlHXC5I ITp11 cpparMeHTal.ll111 TpHTOHa, 

rpyrrIT11pyTCH BOKpyr 0,66 p 11 0,33 p COOTBeTCTBeHHO, Tol!HOCTb 

113MepeHl1H 11MITYJibCa HL{ep reJil1H-3 paBHa 2 - 3 %. 
Ilp11 paccMaTp11BaeMbIX 3.l{eCb 3Hepr11HX ITepB11l{HbIX Tp11TOHOB 

OCHOBHOH BKJia.l{ B ceqen11e peaKl..ll111 ITepe3apHL{K11 ,l{aIOT ITpOl..lecc 

1rna3uyrrpyroti: ITepe3apH4K11 11 rrpol.leccbr c Bo36y)KL{ett11eM .l{eJibTa

H3o6apbI B HL{pe-MIUIIeHl1 11JIH HL{pe-cnapHL{e [ 1]. IIocKOJibKY ITp11 

ITepe3apHL{Ke Tp11TOHa B reJI11tt-3 3apHL{ CHapH.l{a yBeJil1ll11BaeTCH Ha 

e,l{l1Hl11..lY' TO B Ml1llieHl1 L{OJl)KHbI B036y)K.l{aTbCH ,l{eJibTa-HOJib

( nepe,l{aqa ITl1-Ml1HYC-Me30Ha 11 ero B3al1MOL{eHCTBl1e C npoTOHOM) H 

,l{eJibTa-Ml1Hyc-H306apbI (ITp11 B3al1MOJ{eHCTB1111 ITl1-M11HYC Me3otta C 

HeHTpOHOM). PacITa,l{ o6pa30BaBirreti:cH J{eJibTa-HOJib - 113o6apbl no 

Kana1ry n-p .n:aeT BKJia.l{ B ToIToJior11IO "-+", a ee pacITa.n: ITO Kanany 

n°n - B ToIToJior11IO "O". Pacna.l{ .n:eJibTa-M11ttyc -113o6apbr .n:aeT 

BKJra.n: B TOITOJI0fl1IO "-". EcJIH )Ke J{eJihTa-11306apa B036y)K,l{aeTCH B 

HL{pe-cttapH.n:e, TO B cnyqae B036y)KJ{eH11H 1::,_0_ 11306apbl BTOp11llHOH 

l!aCTHl..leH L{OJI)KeH 6bITb OTp111..laTeJibHO 3apH)KeHHblH . ITl10H (pacITa.l{ 

no KaHaJiy n°n He MO)KeT np11BeCTl1 K o6pa3oBaH11IO reJI11H-3)' l{TQ 

.n:aeT BKJia.l{ B TOITOJIOfl1IO "-"' a B cJiyllae B036y)KJ{eH11H Li+. 
11306aphr, pacITa.n:a10meifcH ITO Kanany n°p (pacITa.n: ITO Kattany n+n 

He MO)KeT ITp11BeCTl1 K o6pa30BaH11IO reJI11H-3)' inop11l!HbIX 

3apH)KeHHhIX qacTl11..l HeT. 

KaK IIOKa3bIBaeT ITp11Be,l{eHHM Bhillie Ta6JI111..la, nepeq11cJieHHbie 

TOIIOJIOfl111 11 HBJIHIOTCH L{OM11Hl1PYI011..ll1Ml1. O.n:ttaKo eCTh 11 BeCbMa 

3aMeTHhIH BKJiaJ{ TOITOJI0fl111 "+", KOTOpaH He ITOHBJIHJiacb B 

paccMOTpeHHOH cxeMe. II pH 3TOM' 11MITYJihCHbIH CITeKTp ITpOTOHOB B 

3TOH TOITOJIOfl111 yKa3hIBaeT na HX HBHO He11cITap11TeJibHOe 

npOHCXO)K.l{en11e. Ha1160Jiee Bepo5ITHaH ITp11ll11Ha IIOHBJieHHH. 3Tl1X 

IIpOTOHOB - TaK na3bIBaeMM 6e3Me30HHaH pa3pHL{Ka ,l{eJihTa

H306apbI. fl1ITOTe3a O Ba)KHOCTl1 3TOfO ITpOl..lecca BITepBbie 6bIJia 
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Bbl.l{Bl1HyTa B pa6oTe [7] ITPH HCCJieJ{oBaHl111 HHKJII03HBHhIX 

CITeKTpOB ITepe3apH)KeHHbIX HL{ep, a ITepBbie TeopeTl1lleCKl1e pacqeTbl 

vcpcpeKTa COL{ep)KaJI11Cb B pa6oTax [8,9]: B COOTBeTCTBHl1 C 3TOH 

rnnoTe30H /}.- - 11 · /}.o - 11306apbI, o6pa3oBaBrnl1eCH B HL{pe-Ml1llieHl1, 

B3al1MOJ{ettcTByIOT C HYKJIOHaMH HJ{pa: 

Kp ➔ nn. 
1::,.op ➔ np, 
f}.0n ➔ nn. 

TaKl1M o6pa30M, ITpOTOHbI B TOITOJI0fl1H "+", CKopee BCero, o6H3aHI,I 

CBOHM npo11CXO)K,l{eHHeM BTopoti: H3 ITpHBeJ{eHHhIX peaKl..lHH. AttaJIH3 

H30TOITl1lleCKHX COOTHOllieHl1H, npoBe.l{eHHhIH B pa6oTe [ 10]' 
!IOKa3hIBaeT, l{TO ceqen11e o6pa30BaHHH 1::.--11306aphl B HL{pe Ml1llieHH 

ropa3J{O 6oJibllie ceqeHHH· o6pa30BaHHH /}.0-113o6aphI. YllHTbIBM 3TO 

Q6CTOHTeJihCTBO 11 ,l{eCHTHITpOl..leHTHbIH BhIXOL{ npoTOHOB, MO)KHO 

3aKJIIOllHTh, l{TO pOJib 6e3Me30HHOH pa3pHL{KH J{eJihTa-11306aphr, 

KOTOpyIO MO)KHO paccMaTp11BaTb KaK ITpOHBJieHHe KOJIJieKTl1BHhIX 

vcpcpeKTOB, BeCbMa 3Halll1TeJibHa H ee HCCJieJ{oBami:e MO)KeT .n:aTb 

HOBbie HHTepecHbie CBe,l{eHHH O ITOBeJ{eHHl1 J{eJibTa-H306apbl B 

HL{epnoM Bemecrne. 

Pa6orn ITpOBOL{HJiacb ITpH ITo.n:.n:ep)KKe Pocc11ttcKoro cpon.n:a 

cpyn.n:aMeHTaJihHbIX 11CCJieJ{OBaHl1H (rpaHT 96-02-19170). 
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