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IO.A.Eazycoa 

OBI.ll;A.SI XAPAKTEPMCTMKA PABOTbI 

AKTYaJihHOCTh TeMhI 

IloHCK ll H3yqeHlle pacrra,n;oB JierKHX 3ap5DKeHHbIX Me30H0B Y:1i<e Ha rrpoT.mKeHllll ;rr.e

CHTK0B JleT rrpHBJieKaIOT BHHMaHHe llCCJiell,0BaTeJiefi. OcHOBHOe HarrpaBJieHHe llCCJie

ll,OBaHllfi cocpe;rr.oToqeH0 B o6JiacTll ll3yqeHllH pell,KllX ll T0HKllX HBJieHllfi B pacrra,n;ax 

K-Me30HOB. ,I(JIH peaJIH3~llll 3Toro HarrpaBJieHHH rrpoll3B0l1,llTCH Mo;rr.epHH3a~IIH YCKO

PHTeJIH AGS B BpJKXefiBeHcKofi Ha~HOHMhHOfi Jla6opaTOpllH c ~MhIO yseJIHqeHHH 

ero llHTeHCllBH0CTll, a TaK)Ke rrpoeKTHpyroTCH H0Bbre ycK0pllTMll cpe;rr.HHX 3Heprllfi C 

60JibIIIOfi llHTeHCHBH0CTbIO H pa3Hoo6pa3HbIMH C0BpeMeHHbIMll KaHaJiaMll BT0puqHbIX 

rryqK0B (Fermilab - CIIIA, KEK - .HrroHHH). 

YcKopHTeJib Y-70 (ll<I>B9, IlpoTBHHo) B rrpHH~nrre oTBeqaeT Tpe6oBaHHHM ;rr.aHH0ro 

HarrpaBJieHHH q>H3HKH qaCTH~. ll3-3a 0TCyTCTBHH Ha Y-70 o6ora~eHHblX KaoHHbIX rryq

K0B HCCJiell,0BaHHH Be;rr.yTCH Ha riyqKe IIH0H0B, co;rr.ep)Ka~eM 0K0JI0 3 % Ka0H0B. IIoaTOMY 

ll,JIH yBeJIHqeHHH CTaTHCTHqecK0H o6ecrreqeHHOCTH llCCJie;rr.yeMbIX pe;rr.KHX pacrra;rr.oB HMe

eT 6oJibIIIOe 3HaqeHHe yBeJinqeHHe qnCJia KaoH0B, K0T0poe Ha Y-70 B03MQ)KH0 T0JlbK0 

3a cqeT II0BbIIIIeHHH HHTeHCHBH0CTH IIH0HH0ro rryqKa. HarrpnMep Ha KaHaJie 4 A, r;rr.e 

Haxo;rr.HTCH ycTaH0BKa IICTPA-M, n Ha K0Topofi rrpoB0lJ.HTCH HCCJie;rr.oBaHHH pacrra,n;oB 

K- -Me30H0B, HHTeHCHBH0CTb rryqKa M0)KeT 6bITb yBeJIHqeHa ;rr.o MaKCHMaJibH0ro 3Ha

qeHHH, paBH0ro 107 c1, rrpn arrepType::::: (1 X 1) CM2. EcTeCTBeHHO, B ;rr.aHH0M CJiyqae 

Tpe6oBaHHH K lJ.eTeKT0paM cy~eCTBeHH0 B03pacTaIOT, oco6eHHO K rryqKQBbIM ;rr.eTeKTO

paM, K0T0phre, M0HHT0PHPYH rryqoK, ll,0JI)KHbI ;rr.aBaTb HHq>OpMa~HIO 0 HarrpaBJieHHH 

ll HMIIYJihCe Ka0H0B, rrpn 3T0M o6Jia,n;aTb acpcpeKTHBHbIM BpeMeHHbIM pa3peIIIeHneM B 

HeCK0JibK0 HaHoceKyH;rr. H co;rr.ep)KaTb MllHHMaJibH0 B03M0)KH0e K0JIHqecTB0 Be~eCTBa 

Ha IIYTH qaCTH~ rryqKa. 

PeIIIeHHeM rrpo6JieMbI C03lJ.aHHH BbIC0K0CK0p0CTHbIX ra30BbIX MH0rorrp0B0JIOqHbIX 

KaMep C IIIaroM CllrHaJibHbIX 3JieKTPOlJ.0B (:5 1 MM} H paccTOHHHeM aHOll,-KaTOlJ. (:5 

1, 5 MM) 3aHHMaJIHCb rrpaKTHqeCKH BO Bcex ne;rr.y~HX ~eHTpax MHpa, HO HaH6oJiee llHTeH

CHBH0 B BpyKXefineHcKofi Ha~HOHaJihHOfi Jla6opaTOpnH (CIIIA), Ha ycKop»TeJie TPII

YM<I> (KaHa,n;a), Ha ycKopnTeJie CATYPH (<I>paH~HH), Ha ycKopHTeJie llHcTHTYTa Ila

YJIH IIIeppepa (IIInefi~apnH), B llHCTHTYTe <I>n3HKH BbicOKHX 9Heprnfi (IIpoTBHHo) n 

B llHCTHTYTe .H;rr.epHbIX llcCJie;rr.onaHHfi (Ilaxpa). 

Ha MaKeTax 6bICTpb!X KaMep Pa3MepaMH 5 X 5 CM2 6bIJIO IIOKa3aHo, qTo HX CKOpOCTb 

cqeTa 6oJiee qeM 108 c-1cM-2, a npeMeHHOe pa3peIIIeHne 4Hc (IIIIIIIB). Ho nee rro

IIhITKH C03lJ.aHHH BbICOKOCK0pOCTHbIX rrpoBOJIOqHbIX ;rr.eTeKT0poB ll,JIH peaJibHblX 3KCIIe

pHMeHTOB 0KaHqHBaJIHCb 6rope3yJihTaTHO. Cy~eCTBYIO~aH TeXHOJI0rHH H3rQTOBJieHHH 
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MHOrorrpoBOnO'IHhIX KaMep He crroco6Ha o6ecrre'IHTh BhICOKHe Tpe6oBaHHH K TO'IHOCTH 

pacrrono:iKeHHH ::1neKTpo,n;oB KaMephl B rrpe.n;enax :5 10 MKM. 

B 1990 ro,n;y B Jia6opaTOpHH H,n;epHhIX rrpo6neM Ol1.Hl1 paapa6oTaHhl rrpHH!l;HIIHanh

HO HOBhle MeTO,!J;bI H3I'OTOBneHHH KOOp,n;nHaTHhIX rrpOBOnO'IHhIX ,n;eTeKTOPOB, KOTOpb!e 

crroco6CTBOBanu ,n;anhHeiimeMy pa3BHTHIO MeTO.n;HKH Hau6onee rrepcrreKTHBHoro Knacca 

,n;eTeKTOpOB HOHH3Hpyroiu;ero H3ny'leHHH - I'830HarronHeHHhIX rrpOBOnO'IHhIX KaMep. 

Y3K03830pHhie KaMepb! C Manh!M IIIaroM CHrHanhHhIX IIpOBOnOK o6na,n;aIOT pH,n;OM 

cyiu;eCTBeHHhIX oco6eHHOCTeii no cpaBHeHHIO c o6bI'IHhlMH CTaH.D;aPTHhlMH KaMepaMH c 

3a30pOM 5 - 10 MM. Manbiil: 3830p rrpHBO,!J;HT K BoopaCTaHHIO y.n;enhH0.11: eMKOCTH rrpoBO

nmrn, 'ITO Bhl3h!BaeT Heo6xo,n;HMOCTh pa6oTaTh IIpH 6onee Bh!COKHX HaIIpH:lKeHHHX. 9TO 

rrpHBO,n;HT K rrpopacTaHHIO CHnhHOI'O Heo,n;Hopo,n;Horo rronH K KaTo,n;y, H BOKpyr aHO,!l;

HhIX rrpoBOnOK C03.D;aeTCH 6onhIIIaH o6naCTh naBHH006paaoBaHHH. ,ll,aHHhie q>aKTOphl 

.n;on:iKHhI BnHHTh KaK Ha p83BHTHe ::1neKTPOHHOii naBHHhl, TaK H Ha xapaKTepHCTHKH 

Y3K03830pHhIX KaMep. Ilo3TOMY MH H3y'leHHH pa60Thl HOBhIX BhICOKOCKOpOCTHhIX Y3-

K03a30pHhIX KaMep u;enecoo6paaHo 6bmo rrpoBeCTH 6onee ,n;eTanhHhle uccne,n;oBaHHH ux 

pa60Thl B nmpoKOM ,n;HaIIa30He raaoBoro ycuneHHH, BKnIO'laH o6naCTh, B KOTOpoii rrpo

HCXO,!J;HT naBHHHO-CTpHMepHhlH rrepexo.n;. 

Il;eJib pa6oTbl 
Ha KaHane 4 A ycKop:0:TenH Y-70 Ha yCTaHOBKe l1CTPA~M (IIpoTBHHo) Be.n;yTCH :0:ccne

,n;oBaHHH pe,n;KHX pacrra,n;oB K-Me30HOB. ,ll,nH IIOBh!IIIeHHH 'IYBCTBHTMhHOCTH yCTaHOBKH 

K pa3nH'IHhlM MO,n;aM pe,n;KHX pacrra.n;oB K-Me30HOB 6hlno Heo6xo,n;uMo: 

- IloBh!CHTh 'IHcno K--Me30HOB, KOnH'leCTBO KOTOphIX B rry'IKe 'Tr--Me30HOB paBHO 

3 %, rryTeM IIOBhIIIIeHHH HHTeHCHBHOCTH IIY'IKa OT 2. 105 c-1 .n;o MaKCHManhHO B03MO:lK

HOI'O 3Ha'leHHH, paBHOro 107 c-1; 

- HMeTh B03MO:lKHOCTh rrpoBe,n;eHHH MarHHTHOro HMIIynhCHOro aHanH3a 'laCTH!l; IIY'JKa 

rrpH TO'IHOCTH orrpe.n;eneHHH TpaeKTOpHH 'laCTH!l; < 1 MM; 

- rrpoBO,!J;HTh MOHHTOpHpOBaHHe IIY'IKa ,n;eTeKTOpaMH, o6ecrre'IHBaIOin;HMH MHHHManbHO 

B03MO:lKHOe 'IHcno B3aHMO,D;eiiCTBHii 'laCTH!l; IIY'IKa C Bein;eCTBOM ,n;eTeKTOpa. 

PemeHHe 3THX 3a.D;a'l IIOTpe6oBanO paapa60TKH H C03,D;aHHH KOop,n;uHaTHOI'O ,D;eTeKTopa 

HOBOI'O THIIa, crroco6Horo 3q>q>eKTHBHO pa6oTaTb rrpH 6onhIIIHX 3arpY3Kax, o6na.n;aroiu;e

ro 3q>,q>eKTHBHhlM BpeMeHHhlM paapemeHHeM B HeCKOnhKO HaHoCeKyH,n; H co,n;ep:iKaiu;ero 

MHII~n.i:anbHO B03MO:lKHOe KOnH'leCTBO Bein;eCTBa Ha IIYTH 'laCTHIJ; IIY'JKa. 

- ,l],nH rrepe,!l;Hero crreKTpOMeTpa ycraHOBKH ANKE (<I>Pr, Hij IOnHX), Ha KOTOpoii Be

~ nccne,n;oBaHHH Ha BHYTpeHHeM rryqKe ycKopuTenH COSY, Tpe6oBanHCh 6h!CTphle 

KaMephl C 'IYBCTBHTenhHOii rrnoin;a,n;hIO (500x450) MM
2 

H C KOop,n;uHaTHhIM paapemeHHeM 

1 MM. Tpe6yeMhie KaMephl C KnacCH'leCKHM pacrrono:iKeHHeM ::1neKTpo,n;oB HeB03MO:lKHO 
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H3I'OTOBHTh H3-3a cyiu;eCTBYJOin;HX q>H3H'leCKHX OrpaHH'leHHii Ha MHHY aHO,n;HhIX rrpo

BOnOK, KOTOphle Bhl3BaHhI HX KOHe'IHOii yrrpyroCTbIO. 

9m 3a.D;a'la TaK:lKe pemanacb II~M paapa60TKH HOBOI'O THIIa rrpoBOnO'IHhIX KaMep, B 

KOTOphIX o6ecrre'IHBanOCh YCTOii'IHBOe rrono:iKeHHe ,!!;nHHHhIX aHO,!l;HhIX rrpoBonOK rrpH HX 

HH3KOM HaTH:iKeHHH. 

- HoBhie ,!l;eTeKTOphl - BhICOKOCKOpOCTHhie Y3K03830pHhie rrpoBonO'IHhle KaMephI, H3-3a 

rrpHCYin;HX HM OTnH'IHii B pacrrpe,n;eneHHH ::1neKTpH'leCKOI'O IIOnH B o6naCTH aHO,!l;HhIX 

rrpoBonoK IIOTpe6oBanH Tin;aTenhHOro H3Y'JeHHH HX pernCTpall;HOHHhIX xapaKTepHCTHK, 

B TOM 'IHcne 6onee rrpHCTanhHOro :0:ccne,n;oBaHHH q>H3H'leCKHX rrpou;eccoB, rrpOTeKaIOin;HX 

B ::1neKTpOHHOii naBHHe H orrpe,n;enHIOin;HX aMIInnzy,n;y H ,!J;nHTMhHOCTh ::1neKTPH'lecKHX 

CHrHanOB. 

Hayqaaa HOBH3Ha . 

1. Paapa6oTaHhI rrpHHIJ;HIIHanhHO HOBhle MeTO,Zl;hl C03,n;aHHH Bh!COKOCKOpOCTHhlX Y3K0-

3830pHhIX KaMep C Manh!M maroM CHrHanbHhIX ::1neKTpO,!l;OB C rrnoiu;a,n;hIO ,n;o (500 X 

500) MM2• HoBaH TeXHOnorHH TaK:lKe II03BOnHeT H3roTaBnHBaTh rrporropu;uoHanhHhie H 

,n;peiiq>OBhle KaMepbl rrpaKTH'leCKH nro6oii 'IYBCTBHTMhHOii rrnoiu;a.n;H u o6ecrre'IHBaeT 

BhlCOKYJO TO'IHOCTh B pacrrono:iKeHHH ::1neKTpo,!l;OB. 

2. BrrepBhle paapa60TaHhl H H3I'OTOBneHhl BhlCOKOCKOpOCTHhle Y3K03a30pHhie KaMephl C 

ManhlM maroM CHrHanhHhIX ::1neKTpO,!l;OB MH 3KCIIepHMeHTOB, rrpoBO,!l;HMhIX Ha ycKOpH

Tene Y - 70 (IlpOTBHHO) :0: YCKOpHTene COSY (<I>Pr, HIJ; IOnHX). 

3. BrrepBhle rronyqeHhl ,n;aHHhle O BnHHHHH MHTMhHOii HHTeHCHBHOii 3arpY3KH Ha CTa

pe1me Y3K03830pHhIX KaMep B Te'leHHe MHOroneTHHX 3KCIIepHMeHTOB Ha IIY'IKe ycKOpH

TMH. 

4. BrrepBhle rronyqeHhl aHanHTH'leCKHe Bhlpa:iKeHHH, Y'JHThIBaroiu;He OCHOBHhle q>H3HKO

TeXHH'leCKHe Tpe6oBaHHH K 3neKTp0-MexaHHKe H ycnoBHHM pa60Thl BhlCOKOCKOpoCTHhIX 

KOOP,n;HHaTHhIX KaMep MH ,!l;OCTH:lKeHHH rrpe,n;enhHOI'O 6hICTpo,n;eiicTBHH. 

5. BrrepBhle YCTaHOBneHa B3aHMOCBH3h Me:iK.n;y CKOpOCTh!O C'leTa KaMephl H K03q>q>HIJ;H

eHTOM I'830B,OI'O yc:0:neHHH, H3 KOTOpoii cne,n;yeT, 'ITO cyMMapHhlii 3apH,n;, o6paayroiu;niiCH 

B e,n;HHHIJ;Y BpeMeHH Ha e,n;uHHIJ;Y rrnoiu;a.n;u KaMephl, paBHhlii IIpoH3Be,n;eHHIO rrpe,n;enhHOii 

CKOpOCTH C'leTa Ha K03q>q>Hu;neHT I'830BOI'O yc:0:neHHH, eCTh BMH'IHHa IIOCTOHHHaH. )< 

6. l1ccne,n;oBaHHe pa60Thl Y3K03830pHhIX KaMep B rrpe,n;CTpHMepHoii o6nacTH II03Bon:0:no 

BIIepBhie o6HaPY:iKHTh: B o6naCTH, rrpe,n;meCTByroiu;eii CTPHMepHOMY paapH,n;y, HeH3BeCT

Hhle paHee rrpou;ecchl, npOTeKaroiu;:0:e B naBHHe np:0: 6onhIIIHX 3Ha'leHHHX raaoBoro ycu

neHHH ~ 107 j paa,n;eneHHe 3neKTpOHOB no CKOpOCTHMj ::1neKTpOCTaTH'leCKHe Kone6aHHH 

3aBepIIIHBIIIeiiCH naBHHhlj YKOpo'leHHe ,!l;nHTenhHOCTH aHO,n;HOro CHrHana; OTCYTCTBHe 
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HH,lzyKWfH _3apH,D;a Ha Ka.TO,n;e B Te'IeHHe BpeMeHH pa3BIITHH :meKTpOHHOil: JiaBHHbI B 

pe3K0 Heo,n;Hop0,n;H0M SJieKTpH'leCK0M II0Jie; BbIC0eyK> CK0pDCTh C'IeTa II, HaK0He~, pa3-

eyro q>opMy aMIIJIHTy,n;HbIX pacrrpe,n;eJieHilll CilrHaJI0B Ha aim,n;e II Ka.TO,n;e. Ha6mo,n;aeMble 

BIIepBbie rrpo~eCChI He C0OTBeTCTB0BaJIH li3BeCTHhIM pe*IIMaM I'830B0I'O pa3p.H,n;a, H3-

3a xapaKTepHbIX CB0il:CTB KOTOpbIX o6JiacTb rue IIp0.HBJieHH.H 6bIJla Ha3BaHa o6JiaCThlO 

IIJla3MeHH0ro pe~Ma ra30B0I'O pa3pH,D;a. 

8. Jfay'IeHile II aHaJIH3 H0BhIX rrpo~eccoB II03B0JIHJIII 3aKJIIO'IIITh, 'ITO 0HH .HBJI.HIOTC.H, 

II0 CYTII, C0IJYTCTByro~HMH rrpo~eccaMII, o6ecrre'IHBaIO~HMH rrepexo,n; SJieKTpOHHOil: Jia

BHHbI B CTpHMep, H M0rYT 6hITh HHTeprrpeTHpoBaHbI Ka.K IIp0.HBJieHHe CBOHCTB ,n;B0HH0I'O 

3ap.H,n;0B0I'O CJI0.H, Hax0,n;.H~eroc.H BO BHenrneM SJieKTPH'IeCK0M II0Jie. 

9. Ha 0CH0Be SKCrrepHMeHTaJibHbIX ,n;aHHhIX rrpe,n;JI0*eHa M0,D;eJih o6pa30BaHH.H H0HH-

3QBaHH0I'O Ka.HaJia 6e3 Y'IaCTII.H q>OTOHOB, H oTp~IO~a.H ero CTPYKTYPY H JCT0H'IH

B0CTb. Mo,n;eJib II03B0Jl.HeT orrpe,n;eJIHTh IIPli'IHHhI Ka.K ,n;JI.H rrpopacTaHH.H II0Hli30BaHH0ro 

KaHaJia B CJia60M SJieKTpH'leCK0M II0Jie, TaK Ii ,n;JI.H HapacTaHH.H CK0p0CTII rrpo,n;BH*eHH.H 

CTPHMepa. 

10. BrrepBbie II0Jiy'IeHHhie SKCIIepHMeHTaJihHble ,n;aHHble n o6JiaCTH rrepexo,n;a SJieKTpoH

HOil: JiaBHHhI n CTpHMep 6oJiee HarJI.H,n;H0 H K0HKpeTH0 0Tpa*aIOT ,ll;HHaMHKY pa3BHTH.H 

JiaBHHbI If M0rYT 6bITh HCII0Jlh30BaHbI B q>H3HKe ra30Boro' pa3p.H,n;a. 

TI paKT11qecKaH 3Haq11M0CTh 

HoBble MeT0)];bl II03B0Jl.HIOT coo,n;aTh ,n;JI.H 3KCIIepHMeHT0B, rrp0B0,n;HMbIX Ha IIJ'IKax ycKO

p!iTeJieil:, BhIC0K0CK0p0CTHble K00P,n;HHaTHhie KaMepbI ,n;Byx THII0B, crroco6Hble Sq>q>eK

TliBH0 pa6oTaTh B HHTeHCHBHbIX II0T0Kax perHCTpHpyeMhIX 'IacTli~ C IJJI0TH0CThIO ,n;o 

108 
c-1 cM-2 rrpH npeMeHH0M pa3pemeHHH::; 5 He (ITIIIITB). 

PerHCTpa~OHHbie xapaKTepHCTHKH H0B0ro II0K0JieHH.H KaMep II0'ITH Ha ,n;Ba II0p.H,n;

Ka rrpeB0CX0,n;.HT xapaKTepHCTHKH lf3BeCTHbIX rrporrop~H0HaJihHhIX KaMep. BJiaro,n;ap.H 

3TOMY II0BhiillaIOTC.H HHq>OpMaTHBHOCTh If H36HpaTeJibHOCTb SKCIIepHMeHTaJihHbIX ycra

H0B0K If 0TKpbIBaIOTC.H ill!ip0KHe BOOM0*H0CTH ,n;JI.H HCCJie,n;oBaHH.H pe,n;Krue rrpo~eccoB. 

IlJia3MeHHblil: pe*HM II0 cpaBHeHHIO co CTPHMepHbIM 6oJiee rrpe,n;rro'ITHTeJieH Ka.K 

,n;JI.H rrpaKTH'IeCK0I'O HCII0Jih30BaHH.H, TaK If ,n;JI.H ,n;aJibHeil:mero pa3BHTH.H MeT0,n;HKH q>H-

3H'IeCK0I'O 3KCIIepHMeHTa, TaK Ka.K rrpH paBHbIX T0K0BbIX xapaKTepliCTHKax o6Jia,D;aeT B 

5 . 102 pa3 6oJibilleil: CK0p0CThIO C'IeTa, rrpHMepH0 B 50 pa3 rrpeB0CX0,n;HT II0 pa,n;H~0H

HOH CT0HK0CTH H 6oJiee 'IeM B 10 pa3 HMeeT J!Y'IIDHe BpeMeHHhle xapaKTepHCTH. 

,I(aHHhie rrpeH~eCTBa H0B0I'O pe~Ma I'830B0I'O pa3p.H,n;a II03B0JI.HIOT lf3I'OTOBHTh K0M

IJaKTHblil: pa,n;Ha~0HH0 CTOfiKHfi SJieKTpoMarHHTHbIH KaJI0p!iMeTp, opraHH30BaTh Tplir

rep Ha HaJIH'IHe TpeKa B Ka.Mepax HJIH Ha MH0*eCTBeHH0CTb perncrpHpyeMbIX 'Ia-
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CTH~. 3aBHCHMOCTb 3JieKTp0CTaTH'IeCKrue KOJie6aHHfi 3JieKTp0HH0il: JiaBHHbI OT rrepBH'I

H0H H0HH3a~H II03B0JI.HeT C03,n;aTh 6bICTphifi H K0MIIaKTHblfi H,n;eHTliq>HKa.TOp 3ap.H*eH

HhIX 'IacTH~ n OOJlacTli HMIIJJihC0B 5 + 30 raB/c. 

OcHOBHble Il0JI0)KeHHH ,a;11ccepTaq1111, BhIH0CHMhie Ha 3alqHTy 

Ha 3~TY BbIH0CHTC.H: 

1. Pe3JJihTaThI pa3pa60TKH H0BbIX MeTO)l;0B H3I'OT0BJieHH.H K00p,n;HHaTHhIX rrp0B0JI0'I

HbIX ,n;eTeKT0p0B If COO,ll;aHH.H Ha rue 0CH0Be BbIC0K0CK0p0CTHbIX J3K03a30pHbIX KaMep C 

MaJibIM maroM CHrHaJihHhIX 3JieKTpo,n;oB. 

2. Pe3yJihTaTbI lf3Y'!eHH.H xapaKTepHCTHK BbIC0K0CK0p0CTHbIX Ka.Mep B o6JiacTH ra30B0-

ro JCHJieHH.H 105 + 108
• 

3. Pe3JJihTaTbI pa60Thl BbIC0K0CK0p0CTHbIX rrporrop~H0HaJihHhIX H ,n;peil:q>OBbIX KaMep 

B 3KCIIepHMeHTax Ha IIJ'IKax.JCKOpliTeJiefi Ii HCII0Jlh30BaHH.H II0JIY'!eHH0fi HHq>opMa~H 

OT Hrue rrp!i o6pa60TKe ,n;aHHhIX. 

4. Pe3JJibTaTbI aHaJIH3a q>H3H'IeCKHX rrpli'IHH, orrpe,n;eJI.HIO~X rrpe,n;eJibHJIO 3arpY3KY 

BbIC0K0CK0p0CTHhIX KaMep. 

5. Pe3JJihTaThI HCCJie,n;oBaHH.H H0B0ro IIJia3MeHH0ro pe*HMa ra30B0ro pa3p.H,n;a If ero 

rrpaKTH'IeCK0I'O IIpHMeHeHH.H. 

6. Pe3JJihTaTbI HCCJie,n;oBaHH.H o6Hapy*eHHbIX H0BbIX rrpo~eccon, C0IIYTCTByro~HX rre

pexo,n;y 3JieKTp0HHOH JiaBHHbI B CTPHMep. 

7. Pe3JJihTaTbI aHaJIH3a rrpe,n;JI0*eHH0fi aBT0p0M M0)l;eJili o6pa30BaHH.H CTPHMepa If Me

XaHli3Ma ero rrpopacraHH.H, 0CH0BaHH0fi Ha rrone,n;eHHH ,ll;BOHHOro 3ap.H)l;0B0ro CJI0.H B 

3JieKTpH'IeCK0M II0Jie. 

JI11qHhlH BKJia,a; C0HCKaTeJIH 

ABTOpOM pa3pa6oTaHhI IIp!iH~IIHaJihH0 H0Bhie MeT0)l;hI H3r0T0BJieHH.H rrp0B0JI0'IHhIX 

)l;eTeKT0poB. 

Ha OCH0Be H0BhIX MeT0)l;0B aBT0poM H3I'OT0BJieHbI If 3arry~eHbI B pa60Ty BhlC0KO

CK0pOCTHhle J3KOOa30PHhle KaMepbi Ha aKcrrepHMeHTaJihHhIX ycraH0BKax HCTPA - M 

Ha ycKopHTeJie Y - 70 (IlpoTBHHo) HANKE Ha CHHxpOq>a3aTpoHe COSY (<I>Pr, HU, 

lOJiruc), Ha KOT0pbIX ~e ,n;JIHTeJihH0e BpeM.H Be)];YTC.H HCCJie,n;oBaHH.H. 

AHaJIH3, BbIIIOJIHeHHblfi aBT0p0M, II03B0JlliJI orrpe,n;eJIHTh 0CH0BHhie q>H3H'IecKHe Tpe-

6oBaHH.H K 3JieKTp0MeXaHHKe If JCJI0BH.HM pa60Tbl BbIC0K0CK0p0CTHbIX KaMep ,n;JI.H ,n;o

CTH*eHH.H HMH rrpe,n;eJihH0H CK0pDCTH C'IeTa. 

B o6JiacTH rrpe,n;mecTByro~eil: CTpHMepH0MY pa3p.H,n;y, aBT0p0M o6Hapy*eHbI H HC

CJie)];0BaHbI Helf3BeCTHble paHee rrpo~eCCbI, rrpoTeKa.IO~He B JiaBHHe IIPH ra30B0M yclfJie-
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II 6oJiee HarJI.HAH0 OTpaJKalO~Ile ~HaMIIKY pa3BIITilfl JiaBHHbl. 

ABTOpOM o6Hapy,KeH II IICCJie,n;oBaH HCil3BCCTHhlfi paHee IIJia3MeHHhlfi pe)KJ{M ra.30-

BOro pa3pH,n;a, KOTOpbifi rrpe,n;rneCTByer CTpHMepHOMY Pa3PH)J;Y, II 3KCIIepn:MeHTaJibHO 

IIOKa3aHa BOOMO:lKHOCTb IICIIOJib30BaHHH ero AJIH H3MepeHilfi 3HeprHH JIHBHH II ero pac

npe,n;eJieHilfl B npOCTpaHCTBe B KOMIIaKTHOM 3JICKTpOMarHIITHOM KaJI0pIIMeTpe; o6ocHO

BaHbl peKOMeH,zi;a~n: 3<p<peKTHBHOro IICIIOJib30BaHirn Y3K03a30pHbIX CK0pOCTHblX KaMep 

B 3Kcnepn:MeHTax MH cpopMilpoBaHirn Tpnrrepa HyJieBoro n: nepBoro ypoBHeil:, a TaK

)Ke C03)J;aHilfl Ha lIX 6a3e 6hICTporo Il)J;CHTH<pHKaTOpa 3apfl)KCHHbIX 'IaCTIIIJ; B o6JiaCTH 

IIMIIJJibC0B 5 + 30 f3B / C. 

Ha OCHOBe 3KCIICPIIMCHTaJibHblX HCCJie,n;oBaHilil 3JICKTpOHH0il: JlaBHHbl B pe)KI{Me 

60JibIIIOro f'a30BOf'O YCIIJICHHH (> 107
) II aHaJIH3a 3KcrrepIIMCHTaJibHbIX Pe3YJibTaTOB 

aBTOpOM rrpeAJIO)KCHa MO)J;eJib pa3BHTHH llOHH30BaHHOro KaHaJia. Mo,n;eJib II03BOJifleT 

OTBeTHTb Ha MIIOf'He npo6JieMIIbie BOIIpOCbI, KaCalO~HeCH CTpHMepa, a TaK)Ke OTpa)Ka

eT. CTPYKTYPY H ycTOil'IHBOCTb CTpHMepa H HOHH30BaHHOf'O KaHaJia B IJ;eJIOM. 

Anpo6a~1rn pa6oThI 

Pa60TbI, BOIIIC)J;IIIHe B ,n;nccepT~IO, ,n;oKJia)J;b!BaJIHCb Ha Hay'IHbIX CeMHIIapax B O6'b

e~HeIIHOM lIHCTHTJTC 51,n;epHblX licCJie,n;oBaHHil (,lfy6Ha), lIHCTHTJTC <l>H3HKH Bb!CO

KHX 9uepmil: (IIpoTBHHo), Hau;noHaJibHofi Jia6opaTopnn "SATURN"(CaKJie, <I>pau

IJ;HH), lIHCTHTJTe IIayJIH Illeppepa (IIIBeiiu;apnH), lIHCTHTJTe 51,n;epHofi <I>n3HKH (Ty

pnH, lITaJIHH), lIHCTHTJTe 51.zi;epHofi <l>H3HKH (IOJIHX, fepMaHHH), Ha MC)K)J;yHapo,n;HOM 

coBe~aunn "<I>n3HKa Ha YHK"(IlpOTBHHo). 

IIy6JIHKa~HH 

Pe3JJibTaTbI ,n;nccepT~ll H3JIO)KCHbl B 20 rry6JIHKau;HHX. 

CTpyKTypa ,lJ;HCCepTa~HH 

.Il:nccePTau;HH COCTOHT H3 BBe,n;eHHH, CCMH f'JlaB H 3aKJIIO'IeHHfl. O6'beM ,n;nccepTaIJ;HH 195 

CTpaHHIJ; TCKCTa, BKJIIO'IaH 116 pHCJHKOB, 3 Ta6JIHIJ;bl n 6n6JIHOrpa<pH'ICCKHfi rrepe'ICHb 

HCIIOJib30BaHHbIX JIHTepaTypHbIX HCTO'IHHKOB H3 113 HaHMCHOBaHn:il:. 

CO,Ll;EP)KAHHE ,Ll;HCCEPTAIJ;HH 

Bo BBe,n;eHHH rrpe,n;CTaBJieH KpaTKHit ofoop peIIICHHit npo6JieM, B03HHKaIO~HX lip.Ii 

C03)J;aHHH BbICOKOCKOpOCTHblX KOOp)J;HHaTHblX )J;eTeKTOPOB Ha 6a3e ra30Bb!X IIpOBOJIO'I

HblX n JIHTOrpa<pH'ICCKIIX KaMep. PaccMaTpHBalOTCH KpaTKO oco6eHHOCTH Pa3BHTHH 

6 

3JICKTPOHHOit JiaBHHbI B Y3K03a30pHbIX KaMepax, rrpHBO)J;fl~He K npoHBJieHHIO Hell3-

BeCTHblX paHee npou;eccoB. CcpopMJJIHpOBaHa IJ;eJib ,n;nccepTaIJ;HOHHOfi pa6oThI, IIOKa-

3aHa Hay'IIIaH HOBH3Ha H npaKTH'ICCKaH 3Ha'IHMOCTb IIOJIJ'ICHHbIX Pe3YJibTaTOB. 

B nepBOH rmme 06cy)K)J;a10TCH rrpo6JieMbI, CBH3aHHhle C 3JICKTpOMCXaHHKOit Y3K0-

3a3opHbIX rrponopu;HOHaJibHbIX KaMep. 9Ta rrpo6JieMa O'ICHb no.zi;po6Ho paCCMOTpeHa BO 

MHOf'HX pa6oTax rrpHMCHHTeJibHO K o6bl'IHO HCIIOJib3JCMbIM IllllpOK03a30pHbIM npOBO

JIO'IHblM KaMepaM. O,n;HaKO Heo6xo,n;HMOCTb npoBe,n;eHHfl no,n;o6Hb!X HCCJie,n;oBaHHit MH 

J3K03a30pHbIX KaMep B03IIHKJia BCJIC)J;CTBHe HX pH,n;a oco6eIIHOCTefi [lJ. Manblfi 3a30p 

rrpHBO)J;HT K B03paCTaHHIO y,n;eJibHOfi eMKOCTH aHO)J;HOit rrpoBOJIOKH, 'ITO BbI3bIBaeT Heo6-

XO~MOCTb pa6oTaTb c HHMH npH 6oJiee BblCOKHX HanpH)KCHHHX B pac'IeTe Ha e,n;HHHIJ;Y 

AJIHilbl 3a30pa no cpaBHCIIHIO C IIIH- 0.05 ~ l _ lo/2=8.0 ;,;M, 

pOK03a30pHb!Mll KaMepaMH. 9TO npn- i:5 0 04 ~ 2 - Lo/2= 1.5 MM, 
• • < 3 - lo/2=2.0MM, 

BO)J;HT K YBCJIH'ICHHIO CMe~eHH~ rrpo- ...J ,. 

BOJIOK OT IJ;CHTpaJibHOf'O IIOJIO)KC-

5=2.0 MM, d=0.02 MM.--i 

5=1.0MM, d=0.02 MM. 

5=2.Q MM, d=Q.02 MM. 

Hllfl H, 3Ha'IHT, K 60JibIIIett Bepo-

HTHOCTH pa3BHTHH HCKpOBOro rrpo-

6oH B npOMC)KJTKe aHO)J;-KaTo,n;. qTO-

::::L~ 

'·': t "''"""-=''" ' ' . ' ,, -0.04 -0.02 0 0.02 0.04 
6bl 3TOro H36e~Tb, Tpe6yeTCH yBe X,CM 

JIH'IHBaTb HaTH)KCHHe npoBOJIOK, 'ITO,Pnc. 1: O6JiaCTb JlaBHH006pa30BllHIUI B0Kpyr llH0,ll;-

B CBOIO O'Iepe,n;h, HaKJia,11,bIBaeT orpa- HOli npoBOJIOKH, orpllHH'leHHrul HanpH)KeHHOCTblO 

HH'ICHHH Ha HX ,n;onyCTHMYIO MH
IlOJIH 20KB/CM ,ll;JIH KaMep c pa3HbIMH reoMeTpH'le-

Hy. KpoMe Toro, Heo6xo~MO 6hIJIO 
CKHMH napaMeTpaMH. 

BblHCHHTb CTeneHb BJIHHHHH pa3JIH'IHbIX HeTO'IHOCTefi B IIOJIO:>KCHHH 3JICKTpO,n;OB J3K03a-

30pHofi KaMepbl Ha ee perHCTpa~OHHble xapaKTepHCTHKH. Bee 3TO IIOTpe6oBaJIO 6oJiee 

T~aTeJibHOro HCCJie,n;oBaHHfl 3JICKTpO-MexaHH'ICCKIIX CBOfiCTB J3K03a30pllb!X KaMep. 

B pe3JJibTaTe aHaJIH3a IIOJIJ'ICHbI ypaBHCHHfl ,ll;Jlfl pacnpe,n;eJieHHfl 3JICKTpH'ICCKOro 

IIOJIH B H'IeitKax KaMepbI, H3 KOTOpbIX CJie,n;yeT, 'ITO pa,n;nyc o6JiaCTH JiaBHH006pa30BaHHfl 

BOKpyr aHo,n;uofi npOBOJIOKH B J3K03a30pHbIX KaMepax 6oJiee 'ICM B TPH pa3a 60JibIIIe, 

'ICM B Tpa,n;H~OHHbIX KaMepax (Pnc.1). 

IloJiyqeua 3aBHCHMOCTb cpyHKIJ;HOHaJia IIOTCHIJ;HaJibHOit 3HeprHH rrpOBOJIOKH OT CMe

~eHHfl Zmax, Ilpe,n;eJibI o6JiaCTH yCTOfi'IHBOCTH aHO,ll;HblX npOBOJIOK MH Pa3JIH'IHbIX Ka

Mep, Bbl'IHCJICHHble C IIOMOIIJ;b!O <pJHK~OHaJia IIOTenu;HaJibHOit 3UeprHH npOBOJIOKH, 

rrpnBe,n;eHbl ua Pnc.2. Bn,n;Ho, 'ITO B OTJIH'IHe OT KaMep C 60JibIIIHM 3a30p0M B J3K03a-

30pHbIX KaMepax cy~eCTBCHHbIMH HBJIHIOTCH orpaHH'ICHHfl Ha AJIHHY aHO,n;HblX rrpOBO

JIOK B o6JiaCTH pa60'IHX HanpH:>KCHHil, CBH3aHHble C llX MexaHH'ICCKOit CTa6HJibHOCTblO. 

CMe~eHHfl rrpOBOJIOKH B,ll;OJib OCH X OKa3b!BaeT BJIHHHHe Ha IIJIOTHOCTb 3apH,n;a KaK Ha 
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CMem;eHHOfi npOBOJIOKe, True II Ha coce,1:1Hmc C Hett IIpOBOJIOKaX. IIp11qeM MaKCllMaJib

HOe BJIII.HHHe C,D,Jmr OK83hlBaeT He Ha IIJIOTHOCTb 3ap.H,ZJ;a CMem;eHHOH npOBOJIOKll, a Ha 

IIJIOTHOCTb 3ap.H,ZJ;OB coce,1:1Hmc npoBOJIOK. 

BhlCOKa.H 'IJBCTBIITeJibHOCTb K 113-

MeHeHHIO IIOJIO:lKeHIIH npOBOJIOK B Y3-

KO3a3OpHbIX KaMepax C MaJibIM rna

roM aHO,!l;HbIX npOBOJIOK HaKJia,n;brna

8000 

ID 

=i 

eT 6onee :lKeCTKIIe orpaHH'JeHH.H He TOJlb- I 6000 

KO Ha TO'IHOCTb HX IIOJIO:lKeHH.H, HO 

TaK:lKe Ha ,n;JIHHY aHO,!l;HbIX npoBOJIOK. 

HanpnMep, eCJIH orpaHH'IllTbC.H Tpe-

6oBaHHeM, 'IT06bI pa36poc ycnJieHH.H 4000 

o5naCTu 
YCTO~qHBOCTM 

i 

' 

B KaMepe He npeBOCXO,!l;HJI 20 %, TO 

MaKCHMaJibHa.H npHeMJieMa.H ,!l;JIHHa npo

BOJIOKH, ,!l;lfaMeTpOM 20 MKM H3 3OJIO

'IeHHOro BOJib<ppaMa, B KaMepe c zo/2 = 

1, 5 MM, s = 1.0 MM COCTaBJI.HeT 25 -

30 CM, a ,!l;JI.H KaMepbI c zo/2 = 2.0 MM, 

2000
20 30 40 50 60 70 80 00 100 110 

s = 2.0 MM ,!l;JIHHa npoBOJIOKH 35 -

40 CM, B TO BpeM.H KaK ,!l;JI.H KaMepbI c 

zo/2 = 5.0 MM, s = 2.5 MM 3TO 90 -

L, CM 

Pnc. 2: rpaiml\a o6nacTn ycroiiqnuocTn npouo

JIOK ,l:IJUI KaMepbI C napaMeTpaMm 

•zo/2=1.5 MM, s=l.O MM, 

■zo/2=2.O MM, s=2.O MM, 

ro=lOMKMj 

ro=lOMKMj 

100 CM. T.fro KacaeTC.H co6nro,n;eHH.H paB- .lzo/2=3.O MM, s=2.5 MM, ro=12,5 MKM. 

HOMepHOCTH rnara npOBOJIOK, TO IIPH pa36poce YCHJieHH.H B KaMepe He 6oJiee 10 % ,n;o

nycTHMa.H HeTO'IHOCTb COCTaBJI.HeT .6.x ::::: ± 10 MKM, .6.y ::::: ±85 MKM, .6.x ::::: ± 50 MKM, 

.6.y ::::: ± 175 MKM, .6.x ::::: ± 100 MKM, .6.y ::::: ± 250 MKM ,!l;JI.H BbIIIIe nepe'IHCJieHHbIX KaMep 

COOTBeTCTBeHHO. 

Bo BTOpoii rJiaBe ,n;aHO OIIHCaHne KOHCTPYK~llll ,n;Byx THIIOB CKOpOCTHbIX npoBO

JIO'!HbIX KaMep. KaMepbI H3rOTOBJieHbI ITO HOBOfi TeXHOJIOrHH, pa3pa6oTaHHOil: aBTOpOM 

[2, 3, 4). Bee :meMeHTbI KaMep BbIIIOJIHeHbI H3 MaTepHaJIOB, BhlIIYCKaeMbIX rrpOMbIIII

JieHHOCTbIO H He Tpe6yrom;nx ,!l;OIIOJIHHTeJibHOfi o6pa60TKH, 'ITO IIO3BOJillJIO yMeHbIIIllTb 

Tpy,n;oeMKOCTb n ce6ecTOllMOCTb KaMep 6onee 'IeM B 10 pa3. KpoMe Toro, c6opKa KaMep 

npOH3BO,!l;HTC.H 6e3 ,n;oporocTo.Hm;ero TeXHOJIOrH'IeCKOrO o6opy,n;oBaHH.H. Pa3pa6oTaHHa.H 

TeXHOJIOrH.H IIO3BOJI.HeT o6ecrre'JHTb IIOCTO.HHCTBO rnara aHO,!l;HbIX rrpOBOJIOK C TO'IHOCTbIO 

(0.5 + 1 )MKM, a pacCTO.HHlle Me)K,!l;y KaTO,!l;HhlMH IIJIOCKOCT.HMH n aHO,l:IHOfi IIJIOCKOCTbIO 

C TO'IHOCTbIO :5 25 MKM. 

QqeHb BaJKHOfi oco6eHHOCTbIO HOBOfi TeXHOJIOrHll .HBJI.HeTC.H BO3MO:lKHOCTb KOppeKTH-

8 

1 

2 

4 

(a) 

f±t: 
10 

(b) 

,,__ .. --

Pnc. 3: a) Ce'leHne Y3K03830pHofi KaMephl. B O.z:IHOM 06-beMe pacnonolKeHhl ,1:1Be IlJIOC

KOCTH C O,l:IHOHMeHHhlMH KOOp,l:IHHRTaMH, c,l\BHHYThlMH OTHOCHTeJibHO ,l:IPyr ,l:IPyra HR no

JIOBHHY mara aHO,l:IHblX npoBOJIO'leK. 1-He~IUI paMa, 2-BHHThl ,l:IJIH HaTH:lKeHHH aIIO,l:IHOii 

H KaTO,l:IHhlX IlJIOCKOCTeii, 3-BTYJIKa ,l:IJIH repMeTH3aI\Im, 4-paMKa ,l:IJIH npmKHMa BXO,l:IHO

ro OKHa, 5-auo,l:IHhlii CTepJKeHb, 6-<l>HKcarop, 7-KaTO,l:IHhle CTeplKHH, 8-KaTO.z:lhl, 9-aHO,l:IHhle 

npoBOJIOKH, 10-BXO,l:IHDe OKHO. 6) AKCaHOMeTpHH Y3K03830pHoii KaMephl. B O,l:IHOM 

06'beMe pacnoJIOlfCeHhl ,1:1Be IlJIOCKOCTH C O,l:IHOHMeHHhlMH KOOP,l:IHHRTaMH, c.z\BHHYThlMH OT

HOCHTeJibHO ,l:IPyr ,1:1Pyra Ha IlOJIOBHHY mara aHO,l:IHhlX llpoBOJIO'leK. 
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p0BKH KaK HaTIDKeHHK 3JICKTp0)l;0B, Ta.IC H YC'l'a.H0BKR MC:»GJICKTpO)l;H0I'O 3a3opa II0CJie 

3aKpblTH!I KaMepbI. CxeMaTil'ICCKaK K0HCTp~ KaMepbl II0K8.3aHa Ha Pnc.3(a). 

~· is -Ur 2'b 
~ 

YC'l'aHOBKa 3JICKTpO)J;0B KaMephl H 

RX KpeIIJieHHe 0CyIIJ;eCTBJI.HIOTCK C 

IIOMOm;hIO CTep)KHeii 5 H 7 1 BhIII0JI

HeHHhlX H3 KaJIH6poaaHHhlX IIPYT

K0B 11cepe6p.HHKR 11 • HaT.HJKCHHC 

3JICKTp0)l;0B perynHpyeTCK BHHTa

MH 2. Ha aH0)l;IlhlX CTepJKHKX 3 Ha-

o;::2 -U1 fl. 2-;:;o 

Pnc. 4: CxeMaTH'ICCKllll KOHCTp~H KaMephl c 'AH

sneKTPH'lecKoii UJICHKOH. l-.zweiiq>om,1ii 3JICKTpOA; 

2--cTll.JihHhle CTep:lKHH; 3-aHO~aH npOBOJIOKa; 4- MOTaHa CIIHpaJib (BHTOK K BHTKY) 

CTpHUOBhlH KaTOA; 5-AHSJICKTpH'ICCKlUI IlJICHKa; 6- H3 MC.n;H0ii 3MaJIHp0BaHH0ii rrpoBO

JlaMCJIH; 7-cnHpaJIH. JI0KR )J;HaMeTp0M 0.5 MM. AHO)l;Hhie 

rrpoB0JI0'IKR YKJia.n;I>IBaIOTCK MC)K,lzy BHTKaMH CIIHpaJIH c Tpe6yeMblM waroM H rrpnrraH

BaIOTCK K JiaMeJIKM, 3aKperrneHHhIM Ha aH0)J;HhlX CTep)KHKX.,[(JIK yCTaH0BKR lfCTPA -

M H3r0TOBJICHhl 10 IIY'JK0BhlX KaMep, Ka:lK)l;a.H c 'IYBCTBHTeJihH0ii IIJI0IIJ;a,.n;hIO 

T, HC (130 X 140 MM2), 2 KaMCpbl - (300 X 

·12.0 
a) 

10.0 

1 
8.0 

o.o ~ 
6) 

4.0 

2.0 I I I I I I I 
2.4 2.8 3.2 2.0 -- -- -- 3.0 4.0 

UK. KB 

PHc. 5: 3aBHCHMOCTb BpeMCHHOro pa36poca OT 

HllllpH:lKCHHH Ha KaMepe. 

1. ~- aHOAHhlX CHrHaJIOB. 

2. ~ KaTO~blX CHrHaJIOB. 

300 MM
2

) H 8 .n;peiiq>OBhlX KaMep, 4 H3 

HHX IIJI0IIJ;a.n;I>IO (500 X 500 MM2) H 4 -

(700 x 700 MM2). Illar CHrHaJihHhlX rrpo-

B0JI0K a IIY'JK0BhlX KaMepax paaeH 1 MM, 

l a pacCTO.HHHe aHo.n;-KaTo,n; - 1.5 MM. 

,[(JIK npoae,n;eHHK 3aIIJiaHHp0BaHHhIX 

aKcrrepHMeHT0B Ha ycTaH0BKe ANKE Ha 

BHYTPCHHCM rry'IKC CHHXpOTp0Ha CQSY1 

TpCOOBaJIHCh CK0p0CTHhle KaMCphl c 6oJib

III0ii 'IYBCTBHTeJihH0ii IIJI0IIJ;a,ll;hIO. lf3ro

T0BHTh HX no CHMMeTpH'IH0ii reoMCTpim 

H3-3a rrpHBC)J;CHHhIX BhlIIIe rrpH'IHH 6hIJIO 

HCBOOM0JKH0. Ilo3TOMY )l;JI.H rrepe,n;Hero 

crreKTp0MeTpa yCTaH0BKR ANKE pa3pa-

60TaHhI H H3I'OT0BJICHhl BhIC0K0CK0p0CT-

HhIC KaMCpbl Ha H0B0M H,n;eiiHOM peweHHH (Pnc.4). ,[(JI.H yCTpaHCHHK HaK0IIJICHHH II0JIO

JKHTeJihH0I'O 3apK,n;a Ha )J;H3JICKTpH'ICCK0fi IIJICHKe, K0T0phiii HCKaJKM 6hl 3JICKTpH'IC

CK0e II0Jie H rrpHB0.n;HJI K na,n;eHHIO ra30B0I'O ycHJICHHK, II0)l;JI0JKKa H3rOTaBJIHBaJiacb C 

IIpoB0,n;HM0CThIO 1 ~ 10-9 OM-l CM-I. cha IIOOB0JIHJI0 ,n;o6HThCK )J;0CTaTO'IH0 6bICTpOii 

1S. Barsov et al., Nucl. Instr. and Meth. 462 (2001} 364. 
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3BaKyarJ,HH II0JI0JKHTeJihHhIX H0H0B C II0BepXH0CTH II0)l;JI0JKKH Ha CTpHIIhl H TeM caMbIM 

coxpaHHTh pa6oTOCIIOC06HOCTh KaMCphl rrpH Bb!C0KHX 3arpY3Kax. Bnaro,n;ap.H MaJI0MY 

pacCT0.HHHIO MC)K,lzy aH0)l;HbIMH rrpOB0JI0KaMH H CTpHIIaMH (100 MKM) rrpH HarrpKJKCHHH 

u.1 = 1600 B BOOHHKaeT pacrrpe.n;eneHHa.H cHJia, paaHax ~ 1.0 H/M, Koropax o6ecrre

'IHBaeT YCT0ii'IHB0e II0JI0JKCHHe rrp0B0JI0K. OTMCTHM, 'ITO CHJia rrpHTKJKCHHK rrp0B0JI0K 

K CTpHIIaM II0'ITH Ha II0pK,n;0K rrpeBhIIIIaeT CHJIY paCTaJIKRBaHHK MC)K,lzy HHMH. 

. ,[(JI.11 yCTaH0BKR ANKE H3rOT0BJICHhl 6 _.n;ayxKoop,n;HHaTHhlX KaMep c ,n;H3JieKTpH'Ie

cKoii IIJICHKOii H 8 ,n;ayxKo0p,n;HHaTHbIX KaMep C CHMMeTpH'IHhIM pacrroJI0,KCHHCM 3JieK

Tp0,ll;0B. 

B TpeTbeH rJiaBe npHBC,ll;CHhl Pe3YJibTaTbl HCIIbITaHHH Y3K03a30pHbIX CK0p0CTHhlX 

KaMep [3, 4, 5, 6, 7, 8, 9, 10). lfcrrblTaHH.H KaMep rrp0B0,ll;HJIHCh KaK c II0M0IIJ;bIO pa,n;Ho-

D ND.2KB 40 160 0 ,116 

20 80 

0 
200 400 600 800 1000 ° 200 400 600 800 1000 

N 

80 
, 17,116 80 17,116 120~.1 KB 120C[:J.1 KB 

·~ 40 40 
~ . 

'g O 200 400 600 800 1000 O 200 400 600 800 1000 
u N 

g120[!3.3KB 120[13.3KB 
§! 

80 
22 A6 80 22 ,116 

::r 
40 40 

O 200 400 600 800 1000 O 200 400 600 800 1000 
N 

120eo·6KB C[j3.6KB 
80 ' 25 ,116 120 25 ,116 

80 
40 40 

O 200 400 600 800 1000 O 200 400 600 800 1000 
HoMep KaHana HoMep KaHana 

aKTHBHbIX HCT0'IHHK0B, TaK H Ha 

rry11Kax ycKopHTenefi rrpH rrpo,n;y

ae ra3oaofi CMecbro 80 % C F4 + 
20 % C4H10• 9q>q>eKTHBHOCTh pe

rHCTpau;1m IIY'IK0BhlX KaMep Haxo

,ll;HTCK a HHTepaane 99.6 % - 98 % 

npH H3MCHCHHH Harrp.HJKCHH.H OT 

2200 B ,n;o 3800 B. B ,n;Harra3oHe Ha

rrp.11JKeHHii, paBH0M IIJiaTO 3q>q>eK

THBH0CTH, IIY'IK0Ba.H KaMepa rrpo

X0,ll;HT 4 peJKHMa pa60Thl - rrpo

rropu;H0HaJihHhifi, orpaHH'ICHH0 

-rrporropu;H0HaJibHhiii, IIJI8.3MCHHhlii 

ll CTpHMepHblfi. ,[(JI.H KaMep C ,n;H-

3JICKTpll'ICCK0ii IIJICHK0fi ( 3q>q>eK

TIIBH0CTh 97 % - 99 % ) IIpOT.HJKCH

H0CTb IIJiaT0 C0CTaBJIKeT 700 B; )l;JI.H 

PRC. 6: AMnJIHTYAHble cneKTpbl Ha aHOAe KaMepbl KaMep C CHMMCTpll'IHOfi reOMCTpll

OT Sr90 (neBhle) H Fe55 (npanhle}. ~aMCTp aHOAa eil (aq>q>eKTHBHOCTh 99.6%) rrpo

20MKM. T.HJKCHH0CTb nnaTo - 600 B. Pa3-

Mep "KJiacrepa'', T.e. K0JIH'ICCTB0 0)l;H0BpCMCHH0 cpa6oTaBIIIHX paCII0JI0,KCHHhlX. p.H,ll;0M 

rrpOBOJIO'ICK rrpli npoxo:lK)l;CHHii qepe3 KaMepy 0.n;H0fi 'IaCTHil;hI, He rrpeBbIIIIaeT 3 % BO 

BCex THIIax KaMep. lf3yqeHHe rroae,n;eHH.H aMIIJIHTY,ll;hI ClirHaJI0B H BpeMCHH0ro pa36poca 

Ha aH0)J;e H KaT0,n;e KaMCpbl rrp0B0,ll;IiJI0Ch B IIIIip0K0M ,n;aarra30He HaIIp.HJKCHHii. BpeMeH

H0fi pa36poc )l;JIK acex THII0B KaMep rrpaKTH'ICCKii 0,n;HHaK0B ll Ii3MCHKeTCK C Harrp.H,KC-
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HHeM, KaK IIOKa3aHo Ha PHc.5. 3aBHCHMOCTH (a) OTpruKaIOT BpeMeHHOfi p836poc ,IJ;JlH 80L2,BIIB [KJ2,811B 60 . '°Sr 60 "Fe 

~ ~ . 
20 20 

' 
O 200 ~ 600 800 1000 O 200 ~ 600 8001000 

1

~120~, .. B ~,41<B !::: !1 '°Sr so ,I Hi=. 
.., 80 

'8 ' 
u ~ 
0 ~ 

5 . 0 
~ O 200 ~ 600 800 1000 200 ~ 600 8001000 120llS:J,hB '°Sr 

80 80 

~ ~ 

O 200 ~ 600 800 1000°- -·200 ---«xi 600 8001000 

HoMep KaHana HoMep KaHana 

PHc. 7: AMilJIHTYAHble crreKTphl OT Sr90 H Fe55 rrpH 

p113Hb!X HanpIDKeHHHX Ha KaMepe. ,ll;HaMeTp aHOAa 

50MKM, 

KaMep C rnaroM aHO~hIX rrpoBO

JIOK s = 2 MM H pacCTOHHHeM aHOk 

KaTO,IJ; Zo/2 = 2 MM, a 3aBHCHMO

CTH (6) - AJIH KaMep CS= lMM 

H Zo/2 = 1.5 MM. Ha PHc.6 rrpHBe

,n;eHhI aMIIJIHTJMbie crreKTpbI rrpo

rne,n;IIIHX qepe3 :iraMepy ,8-qacrmi; 

(neBhie) H ,-KBaHTOB, rrorJIOTHBIIIHX

CH B r830BOM 3830pe KaMepbI ( rrpa

Bhle) 

[8, 9). IlpH HaIIpH:1KeHHH Ha KaMe

pe 2.2 KB aMIIJIHTJ,IJ;Hbifi crreKTp OT 

Sr90 HMeeT q>opMy pacrrpe,n;eneHHH 

JlaH,n;ay, a crreKTp OT Fe55 orrpe

,n;enaeT :mepreTHqecKoe p83perne

HHe KaMephr, paBHOe 21 %. C po

CTOM HarrpH:1KeHHH rrporropIJ;HOHaJihHOCTb CHrHaJIOB 6bICTpo HapyrnaeTCH. HerrpepbIB-

§ 
C: 

20.0 I I I ! I I I 200.0 

·-··-~--! 

15.0 

'i' 
1so.oO 

0 

0
10.0 

~ 
cc 

100.0 ::i: 

5.0 50.0 

-~--~--; l i f 1 ~ i : ! 
0.0 I . ; j j j I I I I 0.0 

U U ~ ll U U ll 
U,KB 

<i. 

PHc. 8: H3MeHeHHe cpeAHeii aMIIJIHTYAbJ CHrn:ana 

mi aHOAe KaMepbl OT IICTO'IHHKOB Fe55 H Sr90 B 3a

BHCHMOCTII OT HanpIDKeHHH Ha KaMepe. H3MepeHHe 

BblIIOJIHeHo HerrocpeACTBeHHO C aHOAffOH Ilp0BOJIO

KH Ha OC~HJIJIOrpa<f>e c R;n = 50 OM, 

Hoe, HO OTJIHqHoe IIO xapaKTepy H3-

MeHeHHe q>OpMbI aMIIJIHTJMbIX 

crreKTPOB, nonyqeHHbIX OT p83HhIX 

HCToqHHKOB, TeM He MeHee; HaqH

HaH C HanpH:>KeHHH 3.5 KB, 3aBep

IIIaeTCH npaKTHqecKH nOJIHhIM HX 

coBn~eHHeM. IlpHqeM aMnJIHTYk 

HhIH p836poc nocne,n;HHX cneKTpOB 

paBeH 10%, a r830BOe JCHJieHHe npH 

aTOM rrpeBbIIIIaeT 2 • 107
• ~H Ka

MepbI C aHO,IJ;HhIMH npoBOJIOKaMH 

,n;HaMeTpOM 50 MKM aMnJIHTYMbre 

cneKTPhI, H3MepeHHhie OT HCToq

HHKOB Sr90 
n Fe55, npHBe,n;eHhI 

Ha PHc.7. HanHqHe BOKpyr aHOk 

HOfi npoBOJIOKH 6oJihIIIOfi o6JiacTH 

JiaBHHoo6p830BaHHH rrpHBO,IJ;HT K 3aBHCHMOCTH aMIIJIHTJ,IJ;bI CHrHaJIOB OT MeCTa o6p830-

BaHHH nepBHqHofi HOHH3aD;HH. BHAHO, qTO C JBeJIHqeHHeM HanpH:1KeHHH Ha6JIIO,ll;aeTCH 
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JIIIHpeHHe aMIIJIHTYMhIX cneKTPOB. IlpHqeM q>OpMa cneKTpOB OT HCTOqHHKa Fe55 npH-

6JIH:1KaeTCH K q>OpMe, xapaKTepHOfi AJIH nJIOCKHX JiaBHHHhIX ,n;eTeKTOpOB. KaMepa HMeeT 

npoTH:1KeHHOe nJiaTO ::iq>q>eKTHBHOCTH (1000B), BhICOKJIO CKOpOCTb cqem (107 c-1cM-2) 

N 

7200 

4800 

2400 

0 

N 

7200 

4800 

2400 

0 

X 

2.0 40 60 80 (MM) 

y 

2·0 40 a·o 5·0 (MM) 

H MO)KeT pa60TaTb B nponopIJ;HOHaJib

HOM pe:>KHMe, qTQ HJIJIIOCTPHPJeTCH aM

nJIHTJMbIMH cneKTpaMH npH uanpH:1Ke

HHH 2.8 KB. PHc.8 OTpa:1KaeT H3MeHeHHe 

cpe,n;Hefi aMnJIHTJ,IJ;hI cHrHana Ha aHo,n;e 

KaMephr OT HCToqnHKOB Fe55 H Sr90 B 

3aBHCHMOCTH OT uanpH:1KeHHH Ha KaMe

pe. BHMO, ~o C H3MeHeHHeM HanpH:1Ke

HHH MeHHeTCH xapaKTep r830BOI'O ycH

JieHHH, KOTOPhifi HaqHHaH C Hanpa:1Ke

HHH 3,3 KB rrpOHBJIHeTCH 6onee pe3KHM 

PHc. 9: IIpo<f>Hn& rry'!Ka no K00PAHHaTaM X pocroM. Hccne,n;oBaHHe 3arpY3oqHhIX xa-

HY. CKopoCT& C'leTa 107 qacTHIVCeK, 
paKTepHCTHK nyqKOBhIX KaMep npOBO

,IJ;HJIOCb ua nyqKe JCKOpHTeJIH Y - 70. Ha PHc.9 no.Ka3aHO pacnpe,n;eJieHHe qaCTHD; nyqKa 

no X n Y Koop,n;HHaTaM AJIH npe,n;eJihHOfi HHTeHCHBHOCTH Ha KaHaJie 4 A [10]. fIHTeH

CHBHOCTb nyqKa COCTaBJIHeT 107 c-1, npH KOTopofi 3q>q>eKTHBHOCTb perHCTpau;HH paBHa 

98 %. Bnocne,n;CTBHH BhIHCHeHo, qTo nOHH:1KeHHe 3q>q>eKTHBHOCTH CBH3aHO C 6oJibIIIHM 

K03q>qJHIJ;HeHTOM r830BOI'O JCHJieHHH (~ 4 • 105
) B KaMepe H o6yCJIOBJieHO BJIHHHHeM 

npocrpaHCTBeHHOro 3apHAa, IloBbIIIIeHHe qJBCTBHTeJibHOCTH JCHJIHTeJiefi no3BOJIHJIO 

yMeHhillHTb ra30BOe ycHJieHHe ,n;o 3HaqeHHH ~ 2 • 105 H ,IJ;OCTHrHJTb 3q>q>eKTHBHOCTH, 

paBHOfi 99.6 %. 0Tcro,n;a cneAJeT, qTo AJIH nyqKoBhIX KaMep yCTaHoBKH HCTPA - M 

npe,n;en no CKOpOCTH cqeTa He ,IJ;OCTHrHJT. 

Ilo.Ka3aHo, qro HOBhie KOOp,n;HHaTHhie KaMepbI cnoco6HbI pa6oTaTb npH 6oJibIIIHX 

nOTOKaX qaCTHIJ;, HMeTb xopOITIHe BpeMeHHhie xapaKTepHCTHKH H npH 3TOM co,n;ep:1KaTb 

MaJIOe KOJIHqeCTBO Beni;eCTBa Ha nJTH perHCTpHpyeMhIX qaCTHIJ;. 

qTO KaCaeTCH xapaKTepHCTHK KaMep C ,IJ;H3JieKTpnqecKofi nJieHKOfi, pa60TaIOITJ;HX Ha 

ycraHOBKe ANKE, TO OHH noAPo6Ho onHcaHhI B AHCCepTaIJ;HH H B pa6oTax [3, 4, 5, 6, 7]. 

PerHCTpaIJ;HOHHhie xapaKTepHCTHKH CKOpOCTHhIX KaMep C ,IJ;H3JieKTpHqecKofi nJieHKOfi C 

3anacoM y,n;oBJieTBOpHIOT Tpe6oBaHHHM 3KcnepHMeHTOB. 

qeTBepTWI rnaBa nocBHITJ;eHa HCnOJib30BaHHIO npOBOJIOqHbIX ,n;eTeKTOpOB HOBO

ro THna B aKcnepHMeHTax MCTPA-M Ha ycKopHTeJie Y-70 (IlpOTBHHo) HANKE Ha 

ycKopHTeJie COSY (HI.I; IOJIHX, «l>Pr). 

Ha BTOpHqHOM nyqKe 4A YCKOPHTeJIH Y-70 C MaKCHMaJibHOfi HHTeHCHBHOCTbIO 107 C-1 
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SM 
BM VT GS . "'7!DT.1-1 SP-2 

sRFJPJW~ljl•-· 
nK3-6 DC1-1 

nK1 ,2 ~~~ V ---"l. MH 

IIICTPA- M 

HC 

S5 

,------------40M------------

PIIc. 10: 9KCITEPHMEHTAJihHA~ YCTAHOBKA HCTPA - M. 

Sl + 3, S5 - c~HTHJIJI.HD;HOHHbie C'leT'IHKH; Cl + 4 - r830Bbie qepeHKOBCKHe 

C'leT'IHKH; BM, SM - ny'IKOBbIH H cneKTpoMeTpH'leCKHii MarHHThl; IlKl +6 

- ny'IKOBbie nponopn;uoHaJibHble Ka.Mepb1; VT - pacna,n;Hb1ii o6'beM; GS -

oxpaaua.H cucTeMa; SPl - sJieKTpoMarHHTHhlii KaJiopuMeTp; SP2 - sJieK

TpoMarHHTHbIH KaJIOpHMCTp c n;eHTpaJibHbIM OKHOM 30 x 30 CM2; DCI + 16 -

)];peiiqlOBbie KaMepb1; DTl + 12 - )];peiiq>OBbie Tpy6Ku; M H - MaTpH'IHbiii 

ro)];OCKon; HG - a,n;poHHbiii KaJIOPHMeTp; µH - MIOOHHblii ro)];OCKon. 

COBMeCTHbIMII ycmmaMII I1.Hl1 PAH (Ilaxpa), JUIII 0115111 (,llj6Ha) II Ep<I>l1 (Epe

BaH) B 1992 ro,rry C03,D;aHa II 3aITyrn;eHa aBTOMaTII3IIpOBaHHaa MHOron;eJJeBaa ycTaHOBKa 

11CTPA- M ,D;JJ.H II3yqeHII.H pe,n;KIIX pacITa,n;oB 1r- n K- Me30HOB [11]. CxeMa SKCITepII

MeHTaJJhHott ycTaHOBKII 11CTPA-M ITpe,n;CTaBJJeHa Ha PIIc.10. OpraHII3an;n.H pa60T ITO 

C03,!J;aHIIIO ycraHOBKll ll ITpOBe,n;eHIIIO Ha Hett IICCJJe,n;oBaHIItt co CTOpOHbI JUIII 0115111 

6bma B03JJO.lKetta Ha aBTopa ,n;IIcCePTaD;IIII. BKJJa,n; JI.HIT 0115111 B ycTaHOBKY 11CTPA -

M OTMe'leH Ha Pnc.10. 

,lLn.H IICCJJe,n;oBaHII.H pe,n;KIIX pacITa,n;oB K-Me30HOB, ITpOBO,!J;IIMbIX Ha ycKOpIITeJJe Y 

- 70, pa3pa6oTaHhI, ll3rQTOBJJeHhI II 3aITyrn;eHbI B pa6oTy 10 BbICOKOCKOpOCTHbIX ITyq

KOBbIX KaMep, 16 ,n;pettcpoBhrx KaMep [12], a TaK.lKe pacITa,n;tthltt o6'beM c oxpammtt cn

CTeMott, KOTOpbre o6ecITe'IIIJJII SKCITepIIMeHTaJJbHOfi ycraHOBKe COBepUieHHO HOBble Ka'le

CTBa. BKJJIO'leHIIe B ycTaHOBKy 6hICTpbIX ITyqKOBbIX KaMep PCl +6 IT03BOJJIIJJO ITO,n;H.HTb 

IIHTeHCIIBHOCTb ITyqKa (1r+K)-Me30HOB C 2-105 c-1 ,n;o MaKCIIMaJJbHO B03MO.lKHOtt 10
7 
c-

1 

II COBMeCTHO C MarHIITOM BM o6ecITe'IIITb ll3MepeHII.H IIMITYJJbca II KOOp,!J;IIHaT ITY'IKO

BbIX 'laCTllD;, 

IlepBll'IHbie qaCTIID;bl - ITIIOHbI II KaOHhI, C cyMMapHott llHTeHCIIBHOCTbIO 107 c-1, 

ITPOXO,!J;.HT qepro CD;IIHTIIJJJJ.HD;IIOHHhle COBITa,n;aTeJJhHbie C'leT'IIIKII Sl - S 4 ITy'IKOBOtt qa

CTII ycrattoBKII II pacITa,n;aIOTC.H B pacITa,n;HOM o6'beMe VT. HepacITaBIIIIIeC.H qacTIIIJ;hI 
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N N 

480 480 

384 384 

_( .si,2=0.25 MP"-'l 
288 288 

192 - ~f'J-19Mpa,!ll92 

96 96 \ i. 0 -
0 

-4.5 -3.0 -1.5 0 1.5 -6.0 -4.5 -3.0 -1.5 0 l.5<p2 , MPB,ll 

a) <J>1 • Mpa,!l 6) 

PIIC. 11: Pacnpe~eJieHHe pa:3HOCTH yrnoB anera qaCTH~ B MarHHT H BblneTa H3 Hero: a)

MarHHTHOe none BbIKJIIO'leHo; 6)- MarHHTHOe none BKJIIO'leHo. er1,eam = ✓ er~, - er~, = 
0.l1mrad, op/p = 4.6%, p=25r::1B/c. 

ITOITa,ZJ;aIOT B aHTIICOBITa,n;aTeJJbHhltt CIJ;IIHTIIJJJJ.HD;IIOHHb!tl: C'leT'IIIK 85. IloporOBbie qepeH

KOBCKIIe C'leT'IIIKII Cl - C4 CJJY.lKaT ,D;JJ.H Ha,n;e.lKHoro OITpe,n;eJJeHn.H copTa ITepBII'IHbIX 

qacrnu;. BaKyyMIIpoBaHHbltt p_acITa,ZJ;Hhitt o6'beM VT c Mafl:JJapOBbIMII TOpn;eBbIMll OKHa

MII 100 MKM II 6oKOBbIMII CTeHKaMII II3 3-MM ,!J;IOpaJJ.H llMeeT ,D;JJIIHY 9 M ll ,!J;IIaMeTP 

(a) 

N 
200 

150 

100 

50 

N 

N 

200 

150 

100 

50 

33 CM. OH OKpy.lKeH 8 KOJJbIJ;aMII oxpaH

HOtt CIICTeMhl GS, KOTOpa.H COBMeCTHO C 

oxpaHHbIM CITeKTpoMeTpoM SP 2 pern

CTpIIpyeT 'laCTIIIJ;bI, He ITOITaBIIIIIe B TC

JJeCHb!tl: yroJJ, ITepeKpbITbiti: SJJeKTpOMar-
0.6~7, 

roe HIITHbIM KaJJOpIIMeTpOM SP 1. MarttIIT-

HbIH CITeKTpOMeTp, ITpe,n;Ha3Ha'leHHbitt ,!J;Jl.H 

II3MepeHII.H IIMITYJJhCOB BTOPII'IHbIX qa

CTIID;, COCTOllT II3 MarHIITa C aITePTYPOfi 

(2 X 1) M2 II ITOJJeM 1 T, 16 ITJJOCKOCTett 

- ,n;peil:cpOBbIX KaMep, paCITOJJO.lKeHHbIX ITC-

I ~ ~ 0
1 

. ·- (r) r3B pe,n; HIIM, n 16 ITJJOCKOCTett ,n;peil:cpOBbIX 
00 0 

0.1 0.2 0.3 0 
(B) r3B 

P 12 ( K
- Tpy6oK, HaxO,D;.HIIl;IIXC.H 3a MarHIITOM. 3a 

nc. : Pacn~enemra ~K pacn~a -+ 

'll'- ~): (a) - no HMnynhcy K--Mrooua; (6) ITOCJJe,n;Hett IIJJOCKOCTbIO ,n;pettcpoBbIX Tpy-

- no Macce K--Mrooua; (a) - no He~OCTIUO- 6oK ycraHOBJJeH MaTpII'IHblil: CD;IIHTIIJJ

~eii Macce·'ll'o-Mrooua; (r)- no ::1<1><1>eKTHBHoii JJ.HD;IIOHHhiil: ro,n;oCKOIT MH, ITpe,n;Ha3Ha-

Macce 2-x -y-KBaHTOB, ,. -"' 6 
qeHHhln ,D;JJ.H TpIIrrepHoro ornopa co bl-

Tllil: ITO 'IIICJJY BTOPII'IHbIX 3ap.H.lKeHHbIX qaCTIIIJ;. ,lLn.H OITpe,n;eJJeHII.H KOOp,D;IIHaT II SHep

rIIII 'Y - KBaHTOB 3a MarHIITHbIM CITeKTPOMeTpOM II ro,n;OCKOITOM IICITOJJb3yeTC.H SJJeKTpO

MarHIITHblil: KaJJOpIIMeTp SP 1. OH IIMeeT pa3MepbI (1, 2 x 1, 2) M2 II cocroIIT II3 576 

6JJOKOB CBIIHD;OBOro CTeKJJa Pa3MepaMII 5, 2 x 5, 2 x 25 c~. 3a HIIM paCITOJJO.lKeH ro,n;o

CKOITII'ICCKIItt a,n;pOHHblil: KaJJOpIIMeTp HG II MaTpll'IHbiil: MIOOHHhlil: ro,n;OCKOIT (II,n;eH-
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P11c. 13: TpeKoBrui CHCTeMa rrepe,zi;rrero crreKTpOMeTpa ycTaHOBKH ANKE. 

Tll<pllKaTOp) Af H. KaJiop11Merpbl II MIOOHHbiil: ,n;ereKTOp IIMeIOT B CBOefi u;eHTpaJibHOil: 

'!aCTII OTBepCTlle ,n;m1 ITpoxmK,n;eHIIH 'laCTIIIJ; ITyqKa. 

I1cITOJib30BaHIIe B ycTaHOBKe oxpaHHOil: CIICTeMbl VT C BaKyyMHbIM paCITa,IJ;HbIM o&b

eMOM, qepeHKOBCKOro CITeKTpOMeTpa ITOJIHOro ITornoru;eHIIH SP2 11 KOOp,!J;IIHaTHbIX ,n;e

TeKTOpOB PC(l + 6), DC(l + 16) 06ecITe'!11Jio ITo,n;aBJieH11e <poHOBbIX ITpou;eccoB II Ha

,n;e:limoe OITpe,n;eneHlle BeprrmHbl pacrra,n;a IICCJie,n;yeMbIX K-Me30HOB C TO'IHOCTbIO ITO X II 

y KOOp,D;IIHaTaM <Ix,y = 450MKM, ITO z -Koop,n;11HaTe Uz ~ lOMM. To'IHOCTHbie xapaK

TepllCTIIKII TpeKOBOH CIICTeMbl rrpo,n;eMOHCTpllpOBaHbl Ha ITPIIMepe BOCCTaHOBJieHIIH K,,2 

pacrra,n;ax (P11c.12) [12, 13, 14]. B ,n;11ccepTau;1111 ITp11Be,n;eHbI 3Tarrhr Bbr,n;eneH11a pacITa

,n;a K---> µ- V'll"o II proyJibTaTbl 113MepeHIIH ero <popM<paKTOpOB [15]. AHaJill3:::::: 3000 

co6hITIIH Kµ3-pacrra,n;a ,D;aJI cne,n;yroru;11e 3Ha'!eHIIH 3TIIM K03<p<p11u;11eHTaM: 

A+ = 0.029 ± 0.024; Ao = 0.062 ± 0.024. (1) 

3tta'!eHIIH A+ cornacyroTCH C cyru;eCTBYIOIIJ;IIMII 3KCIIep11MeHTaJibHbIMII ,n;aHHbIMII, B TO 

BpeMa KaK 3Ha'!ett11e Ao = 0.004 ± 0.007, rrp11BO,D;11Moe ParticleDataGroop, OTJill'la

erCH OT 113MepeHHoro Ha yCTaHOBKe I1CTPA-M. ,IJ;aHHble ITO rrapaMerpy Ao B pa3HbIX 

3KCIIep11MeHTax He cornacyroTCH ,n;pyr C ,n;pyroM, a HeKOTOpbie Teoper11qecK11e MO,D;eJIII 

ITpe,n;cKa3hIBaIOT OTJill'!Hoe OT Hyna 3Ha'leH11e Ao- C11Tyau;11a c ITapaMerpoM Ao Tpe6yer 

,D;aJibHeil:IIIero 3KCIIep11MeHTaJibHOro 113y'leHIIH. 

,IJ;na 3Kcrrep11MeHTa AN KE, rrp0B0,n;11Moro Ha BHJTpeHHeM ITY'!Ke ycKop11Tena COSY 

(HI.J; IOnHX, <I>Pr) ITO 113yqeH11ro peaKu;11il: pp--> pp II pp--> d'll"+, 113roTOBJieHbl II BBe,n;e

HbI B pa6ozy Ha rrepe,n;HeM MarHIITHOM crreKTpOMerpe 6 ITPIIHIJ;IIIIllaJibHO HOBbIX BbICO

KOCKOpOCTHbIX ,D;ByxKoOp,D;HHaTHbIX ,!J;eTeKTOpOB c 6oJibIIIOil: 'IYBCTBIITeJibHOil: ITJIOIIJ;a,D;bIO 

[4; 7]. BbICOKOO pa3peIIIeH11e ITO X II y KOOp,n;HHaTaM, paBHOe <Ix,y = 1 MM, IT03BOJIIIJIO 

o6ecrre'l11Tb IIMIIYJibCHOe pa3peIIIeH11e ,n;JIH BTOpll'IHbIX 3apIDKeHHbIX 'laCTIIIJ; Ha ypOBHe 
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o.6 o.a , 1.2 3 3.2 3.4 3.6 0.9 1.2 1.3 
a) HMnynbC (r3Blc) ~ HMflYnl:,,C (r3B/e) M,(pp) (raBJ 

(a) (b) 

P11c. 14: a) CrreKTpb1 HMrryJihCOB ,D;JIH rrpoTorroB: a) Tp = 0.5 raB H 6) Tp 

=2.65 raB. 6) CrreKTp ue,zi;ocTarow;eii: Macchi B peaK~H pd --> ppX rrpH auep

rHH IIpOTOHOB 0. 7 raB. 

ap/P = 0.85 % 11 ap/P = 0.95 % rrp11 3HepmHX Tp = 2.0 11 2.65 f3B cooTBerCTBeHHO. 

Ha P11c.14(a) ITp11ae,n;eHbl protme IIIIKII B IIMITYJibCHOM cneKTpe, OTBe'!aroru;11e yrrpyroMy 

pacceHHIIIO npOTOHOB C 3HepmHMII 0.5 II 2.65 f3B. 

I1MnyJibCHOe pa3peIIIeH11e cneKTpOMerpa onpe,n;eJIHJIOCb no pacceaHHOMY npOTOHY 

B Y3KOM yrJIOBOM IIHTepBaJie, 6naro,n;apa cna6oil: 3aBIICIIMOCTII ero IIMIIYJibCa OT yr

Jia BbmeTa. ,IJ;na ITpOTOHOB 113 peaKIJ;HII pp --> PP, 113MepeHHOH np11 3Hepr1111 ny'!Ka 

Tp = 0.6 f3B II B MarHIITHOM ITone 1,6 T, 3Kcnep11MeHTaJihHoe pa3peIIIeH11e a(M!:1') = 
17.5±0. 7 M3B. CITeKTp He,n;oCTaroru;eil: Macchr B npou;eccax pd -+ ppX np11 3Hepm11 nyq

Ka 0.7 f3B noKa3aH Ha P11c.14(b). IlpoTOHHble ITapbr BbI,D;enan11cb ITO pa3HOCTII apeMeH 

nponera. Ha cneKTpe xopOIIIO Bll,D;eH IIIIK np11 3Ha'!eHIIII, 6mI3KOM K Macce HefiTpOHa, 

'ITO JKa3bIBaeT Ha npllHa,D;Jie)KHOCTb ,n;aHHbIX co6bITllfi K pe,n;KOMY npou;eccy pd -+ ppn, 

conpOBO)K,!J;aroru;eMyca IICITYCKaHlleM 6bICTpoil: npOTOHHOil: napbl. 

. B IISITOH rJiaBe paccMaTpllBaIOTCH <pll311KO-TeXHll'leCKlle OrpaHll'leHIIH Ha npe,n;eJib

HYIO 3arpY3KY Y3K03a30pHbIX nponopu;110HaJibHbIX KaMep [16]. 

B IIIIIPOK03a30pHbIX nponopu;IIOHaJibHbIX KaMepax Pa3Mepbl 3<p<peKTIIBHOil: o6JiacTII 

JiaBIIHOo6pa30BaHIIH paBHbl np11MepHO ,n;HaMerpy aHO,D;HOil: ITpOBOJIOKII. Ilo3TOMy roJIOB

Ka pa3B11Baroru;eil:CH JiaBIIHbl npaKT11'leCK11 ,D;OCTllraer noaepXHOCTH aHo,n;a. C POCTOM 

IIHTeHCHBHOCTH per:11CTp11pyeMoro nOTOKa 'laCTHIJ; Ha6Jiro,n;aerCH JMeHbIIIeH11e ra30BOro 

ycHJieHIIH H3-3a yaeJIH'leHHH 3JieKTPll'leCKOro noJIH IIOHOB, ocna6naroru;ero none B6JIH3H 

aHo,n;a. 

B Y3K03a30pHbIX KaMepax, B CHJIY HeKOTOpbIX OTJIH'IHTeJibHbIX oco6eHHOCTefi pac

ITpe,n;eneHHH 3JieKTpH'leCKOro IlOJIH H BbICOKOfi nJIOTHOCTII nepBll'IHOil: IIOHll3au;1111 B pa-

6o'leM ra3e, a TaK)Ke BbICOKOil: CKOpOCTH ,n;peil:<pa 3JieKTpOHOB, BJIHHHHe npOCTpaHCTBeH

HOro 3apH,n;a Ha ra30BOe yc11JieHHe npH BbICOKIIX CKOpOCTHX C'lera HMeer HHOil: xapaKTep. 
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B nepBoit 'IaCTli rnaBbI amtnli3HPJIOTCH Tpe6oBaHH.II K reOMeTprrrr CKOpOCTHbIX Ka

Mep AA.II o6ecne'IeHH.II MliHliMaJibHOro BpeMeHH c6opa 3ap.H,!J;OB Ha COOTBeTCTBJIOID;rre 

3neKTpO,!J;bI. 9TO ,!l;OCTliIBeTC.11 JMeHbilleHrreM mara aHO,!l;HbIX npoBonoK li Me:lK3neKTp0,!1;

HOro pacCTO.IIHli.11 , T.e. JMeHhilleHrreM pa3Mepa .11qefiKH. IIprr 3TOM COKparn;aeTCH BpeM.11 

,!J;peficpa nonO:lKliTenhHbIX liOHOB K KaTO,!l;y, ocna6n.HeTCH Bnli.HHlie npocrpaHCTBeHHOrO 

3ap.11,!J;a Ha none aHo,!J;a. 

BpeM.H c6opa liOHOB Ha KaTO,!l; KaMepbI MO:lKeT 6hITb onpe,!J;eneHO li3 Bb!pa:lKeHH.11, 

nonyqeHHOro aBTOpoM, 

t; = Eo s Zo (l _ s - In 2) 
µ;CUK 1rZo ' 

(2) 

li3 KOTOporo CJie,!J;yeT, 'ITO BpeM.H wettcpa HOHOB nponopu;rroHaJibHO nnOlI.l;IJAli ceqe

Hli.11 (s • Z 0) .11qefiKH KaMepbI (s-mar aHO,!J;a, Z 0/2-paccTO.HHrre aHO,!l;-KaTO,!J;). YMeHhilla.H 

.11qefiKrr, MO:lKHO COKpaTHTb BpeM.11 wettcpa liOHOB, HO npo6neMa Bnli.HHlie npocrpaH

CTBeHHOro 3ap.11,!J;a OCTaHeTCH. Bnmrnrre non.11 liOHOB Ha none aHO,!l;a 6y,!J;eT Hli'ITO:lKHbIM, 

ecnrr 3a BpeM.11, paBHOe cpe,!l;HeMy liHTepBany Me)K,!J;y qacTrru;a1m ny'IKa nnoTHOCTbIO 

107 c-1 CM-2 , liOHHOe o6naKO npoweit<pyeT K KaTO,!l;y Ha paCCTO.IIHlie 100 MKM. Ho ,!l;nH 

3TOro liOHbl ,!J;On:lKHbI 06n1JAaTb O'IeHb Bb!COKOfi CKOpOCTbIO wettcpa V; 2'.: 105 CM/c. 

lfa ,!l;aHHhIX, nprrBe,!l;eHHhIX B ,!J;HCCepTau;rrrr, nprr E/p ~ 190B/cMToop, r,!l;e E = 
1.43 • 105 B / CM, CKOpOCTb wettcpa liOHOB V; ~ 3. 75 • 104 CM/ c, a liX nO,!l;Bli:lKHOCTb µ; ~ 

0.26 CM2 /c B. IlO,!l;CTaBliB 3Ha'IeHrre nO,!l;Bli:lKHOCTli B Bbipa:lKeHrre (2), rrony'IHM, 'ITO CMe

rn;eH!Ie liOHOB Ha 100 MKM rrpOHCXO,!l;liT nprrMepHO 3a 300 HC. 9TO npeBbIIIIaeT cpe,!l;HliH 

liHTepBaJI Me)K,!l;y qacrrru;aMrr IIY'IKa, KOTOpbifi, HMe.11 CTaTHCTH'IeCKlifi xapaKTep, MO:lKeT 

li3MeH.HTbC.II KaK B 6onhillj'IO, TaK li B MeHb!IIJIO CTOpOHbI. 

Cne,!J;OBaTeJibHO, pOCT CKOpOCTli wettcpa liOHOB rrprr yMeHbilleHlili pa3MepoB .11qefiKH 

He,!l;OCTaTO'IeH AA.II ycrpaHeHH.11 3<p<peKTa rrpOCTpaHCTBeHHOro 3ap.11,!J;a. ,ll;efiCTBHTenhHO, 

cornacHO rrccne,!l;OBaHli.HM, npoBe,!J;eHHbIM rpyrrrrofi ,ll;:lK. <I>rrIIIepa2 Ha MaKeTHbIX KaMepax 

rrprr ra30BOM ycrrneHrrrr ~ 6 • 104
, 6bmo o6ttapy:lKeHo, 'ITO B Katrnpe c IIIaroM atto,!J;a 

s = 1.27 MM, paCCTO.IIHHeM aHO,!l;-KaTO,!l; Zo/2 = 1 MM rr r a = 5 MKM aMrrnrrTy,!l;a Ha 

aHO,!J;e IIIJAaeT Ha 10 % nprr liHTeHCHBHOCTli 107 c-1cM-2 li Ha 16 % rrprr 2 • 107 c~1cM-2 . 

B TO )Ke BpeM.H AA.II KaMepbI cs= 0.79MM, Zo/2 = 0.635MM rr Ta= 4MKM HHKaKoro 

Bnli.HHli.ll rrpOCTpaHCTBeHHOro 3ap.11,!1;a He Ha6nIO,!J;aJIOCb BnnOTb ,!l;O 3arpY30K 108 c-1CM-2• 

Cornactto HaIIIrrM H3MepeHH.HM, rrprr K03<pcprru;rrettTe ra3oBoro ycrrnettrr.11 ~ 4 • 105 B 

KaMepax c s = 1 MM, Zo/2 = 1.5 MM rr r a = 10 MKM 3<p<peKTliBHOCTb n1JAaJia c 99.6 % 

TOnbKO ,!l;O 98 % rrprr liHTeHCliBHOCTli ~ 107 c 1cM-2 (9]. lfa 3TliX ,!l;aHHbIX cne,!J;yeT, 

'ITO 3a 6hICTpYIO 3BaKyau;rrro liOHOB li3 o6nacrrr naBHHhI K KaTO,!l;y OTBeTCTBeHeH KaKOH

TO liHOfi MexaHH3M, 3a C'IeT KOToporo liOHbI Y,!J;aJI.HIOTCH Ha paCCTO.IIHHe 2'.: 100 MKM 

2J. Fischer et al.. Nucl. Instr. and Meth., A238, 1985, p.249 
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6yKBaJibHO 3a HecKOnhKO HaHOCeKyH,!J;. Ilo,!J;po6HO 3TOT npou;ecc pacCMOTpeH B Ce,!J;bMOfi 

rnaae ,!J;liCCepTau;rrrr. 

C JMeHhmeHrreM pa3Mepa .11qefiKrr peanli3JIOTCH ern;e ,!J;Ba cpaKTopa, JMeHbmarorn;rre 

Bnli.HHlie npoCTpaHCTBeHHOro 3ap.H,!l;a Ha CKOpOCTb C'IeTa nprrMepHO B k2 pa3. IIepBbifi 

<paKTOp k B03HliKaeT li3-3a COKparn;emrn TOnrn;rrHbI ra3a, 'ITO npHBO,!l;liT K yMeHbilleHHIO 

liOHli3aIJ;li.ll Ha O,!l;Hy 'IaCTliIJ;Y noTOKa nyqKa, li npe,!J;eJibHOe 3Ha'IeHrre npocrpaHCTBeH

HOro 3ap.ll,!l;a ,!J;OCTliraeTCH np!i 6onbmefi 3arpY3Ke. BTopofi <paKTOp k B03HliKaeT li3-3a 

pocra 'IHCJia aHO,!J;HbIX npoBonoK Ha e,!J;HHliIJ;Y nnorn;a,!l;H li nOHli:lKeHH.11 nOTOKa qacrrru; 

Ha O,!l;HY npOBonoKy. 

Co3,!l;aHrre J3K03a30pHbIX KaMep C MaJihIM maroM crrrHaJibHbIX 3neKTpO,!l;OB orpattrr-

'IeHO KaK reoMeTpli'IeCKliMli pa3MepaMrr .H'IefiKH, TaK li CTaTHCTH'IeCKliM xapaKTepoM 

A/Ao,% npou;ecca HOHH3au;rrrr. HeB03MO:lK-\ 

HO 6ecrrpe,!J;enbHO yMeHbIIIaTb IIIar/ 
! 

aHO,!l;HbIX npoBonoK. HarrprrMep, nprr 
I 

mare::; 0.5 MM rr ,!l;HaMeTpe rrpoBo-' 

100r---===--~-=-,------

90 

80 

70 

105 

JIOK 20 MKM 3JieKTprrqecKoe none B \ 

KaMepe Ha'IHHaeT BbipaBHHBaThCH \ 

H MHOrorrpOBOJIO'IHa.H KaMepa rrpe

Bparn;aeTCH B nJIOCKlifi C'IeT'IliK. 

YMeHhmettrre 3a3opa orpattrrqe

HO Tpe6oBaHrreM 3cpcpeKTliBHOCTli 

C'IeTa rrop.11,!J;Ka 99.6% AA.II pemcrpa

Prrc. 15: 3anHCHMOCTb RMllJIHTy,iv,I CHrHBJIOB OT CKO- IJ;lili MliHliMaJibHO li0Hli3lipyrorn;rrx 

poCTH C'leTa B Y3K03830pHoii KRMepe npH pa3JIH'I- qacrrru; B ra3e nprr aTMOC<pepHOM 

6~
0

5 2 • s e 10a 2 • s e 
10

1 

CKOpOCTb C'f8Ta, c·1 CM-2 

HblX 3Ha'leHHHX ra:30B0I'O YCHJI0HHH, 
,!l;aBnettrrrr. ,ll;n.11 3Toro Heo6xo,!l;HMO 

liMeTb He Mettee N = 6 0,!l;liHO'IHbIX KJiacTepOB nepBli'IHOi!: li0HH3au;rrrr (71 = 1 - e-N). 

CJie,!l;OBaTeJihHO, MliHliMaJihHa.H TOJilI.l;HHa ra30BOro 3a3opa 3aBHCliT OT cpe,!l;Heit nJIOT

HOCTli nepBli'IHOfi li0Hli3au;rrrr B ra30BOfi CMecrr KaMepbI. 

TaKHM o6pa30M, BepXHrrfi npe,!J;eJI nJIOTHOCTli nOTOKa qacrrru; AA.II 31JAaHHOro nl!Ae

Hli.11 aMIIJillTJ,!l;bI crrrHana, o6yCJIOBneHHOro 3ap.11,!J;OM liOHOB, CliJibHO 3aBHCliT OT pa3Me

POB .11qefiKli KaMepbI. 9Ta 3aBHCHMOCTb rrprr6JIH3liTeJibHO o6paTHO rrporropIJ;!iOHaJibHa 

4-fi CTerreHli pa3Mepa .11qefiKrr, T.e. JMeHbIIIeHrre pa3MepOB .11qefiKH B 2 pa3a n03BOnHT 

JBMli'IHTb nOTOK perrrCTp!ipyeMbIX qacrrru; IIO'ITli B 16 pa3. 

B J3K03a30pHbIX KaMepax C aHO,!l;libIMli npOBOJIOKaMH ,!J;liaMeTpOM 20 - 50 MKM li3-

3a BbICOKOfi IIJIOTHOCTH nepBH'IHOfi li0Hli3au;Hli B ra3e CF4 (~ 40KJI/cM), 6oJibillOfi 

o6JiaCTli JiaBliH006pa30BaHH.II li BbICOKliX 3Ha'IeHrrfi liOHli3aIJ;HOHHbIX K03<p<prru;rreHTOB 
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p83BHTHe naBHHbl rrpeKpa~aeTOI, He ,ll;OCTHra.H aHo,n;a ::::::: 5 + 20 MKM BO BCe:M ,n;naII830He 

pa6oqero HarrpmKeHH.H Ha KaMepe. 9To IIO,ll;TBep)K)J;aeTC.H OIJ,eHKaMH BeJinqnHbl l'830Boro 

M 

104 I 
2.0 2.4 2.S 3.2 3.6 4.0 U,KB 

ycuneHH.H H rrpnBe,n;eHHblMH B ,n;nc

cepTaIJ,HH 3KCIIepnMeHTaJibHblMH pe-

3ynhTaTaMH [17]. B ,n;aHHOM cnyqae 

H3-3a 6bICTporo YMeHbIIIeHH.H IIO

TeHIJ,Hana rrpocrpaHCTBenHoro 3a

pH,n;a C pacCTO.HHHeM ero BnH.HHHe 

Ha IIOTeHIJ,HaJI aHo,n;a 6y,n;eT cy~e

CTBeHHO MeHbIIIHM, qeM Ha pacrrpe

,n;eneHHblll IIOTenu;nan HCTOqHHKa IIH

TaHH.H B o6naCTH ronOBKH naBHHbI. 

Ecnu BHeurnee rrone na .n;nnne nonu-

3all,HH uepe,n; ronOBKOii naBHHbl 6y

,ll;eT KOMrrencnpoBano uoneM upo

cTpancrBenHoro 3ap.H,n;a ,n;o rropo-

Pnc. 16: 3anHCHMOCTh KOs<l><l>H~CHTa ra30BOro roBOii BeJinqunhr, TO p83BHTHe na-

YCHJICHH.H OT Harrp.H>KCHH.H B Y3K03a30pHoii KaMepe. M 
BHHbl rrpeKpaTHTOI. eCTO OCTa-

HOBKH naBHHbl OTHOCHTeJibHO ano,n;noii rrpOBOnOKH 3aBHCHT OT BenuqnnhI ra30BOro ycn

neHH.H B KaMepe. l.JeM 6onhIIIe ra30Boe ycunenue, TeM ,n;anbIIIe OT ano,n;a o6pa3yeTOI 

KpHTuqecKuii 3apH,n; HOHOB, H TeM 6onhIIIa.H o6naCTb BOKpyr aHo,n;a 6y,n;eT 3Kpannpo

Bana. l.JaCTHil,hI, rrorraBIIIHe B KaMepy B Teqenne BpeMeHH 3Kpam1poBaHH.H, He CMOrYT 

C03,ll;aTb naBHHbl. 3HaqnT CKOpOCTb cqeTa KaMepbl ,n;on)KHa 6bITb B CHnhHOii 3aBHCH

MOCTH OT ra3oBoro ycunenn.H B neii, qTo rro,n;TBep)K)J;aeTc.H H3Mepennm.m, rrpuBe,n;en

HhIMH na Puc.15. IIo::iTOMY orrpe,n;enenne 3aBHCHMOCTH CKOPOCTH cqeTa OT Bennqunbl 

rrpocrpaHCTBeHnoro 3ap.H,n;a rrpOBO,ll;HTOI C yqeTOM oco6enHOCTeii pa3BHTHH naBHHbl B 

Y3K03830pHbIX KaMepax. 3aBHCHMOCTb ra30BOro ycuneHH.H M OT narrpH)KeHHH na KaMe

pe UK (Puc.16) orrpe,n;enena H3 aMnnnTy,n;HhIX xapaKTepncrnK, rrpuBe,n;eHHhIX Ha Pnc.8. 

YCJioBue npeKpa~eHHH p83BHTHH naBHHbl B Y3K03a30pnoii KaMepe npn HapacTaHHH no

nH npOCTpaHCTBeHHOro 3ap.H,11;a MO)KHO 3anncaTb B BH,n;e: 

E(z) - JE;! = Enop., (3) 

r,n;e E(z) - BHeIIIHee none B6nH3H ronOBKH naBHHbl, KOTOpoe ,n;n.H yrrpo~eHH.H MO,ll;eJIH 

HanpaBneHO no OCH Z H3 IJ,eHTpa aHO,ll;HOll npOBOnOKH K KaTO,!l;yj E; - none npocrpaH

CTBeHHOro 3ap.H,n;a, nanpanneHHOe B,n;Onb OCH z K ano.n;y; Enop. = 2. 104 B/cM - nopo

roBoe 3HaqeHne BHeIIIHero non.H, BbIIIIe KOTOporo B r83e CF4 pa3BHBaeTOI ::ineKTpOHHaH 

naBHHa. 
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Mcrronb3yH Bblpa)KeHHe ,!l;JlH lIJIOTHOCTH HOHHOro 3ap.H,11;a B naBHHe3 

e:oqN 
p=---, 

µ;CUK (4) 

r,n;e Q - 3ap.H,!1; B naanne, N- CKOpOCTb cqew na ano.n;noii npoBonoKe B e.n;nHHIJ,y BpeMeHH, 

3annIIIeM Bblpa)KeHne ,!l;JIH nonH npocrpaHCTBeHnoro 3ap.H,11;a E;: 

E; = noM eNrl' 
2f;CUK (5) 

r,n;e N1 = N/l - CKOpOCTh cqew na e,n;nnney ,!l;JIHHhI aHo,n;Hoii npononoKH .n;nnnoro l, 3a

p.H,n; HOHOB npe,n;cranneH B BH,n;e q = no Me, r,n;e no - qncno aneKTpOHOB HOIIH3aIJ,HH, Af 

- K03tpq>HIJ,HeHT ra30BOro ycnneHHH. 

IIo,n;CTaBHB Bblpa)KeHIIe (5) n (3) n ncnonb3yH ycranonnennyro ypaanenneM npHMoii 

Ha Pnc.16 CBH3h Me)K,!l;y Koaq>q>HIJ,HeHToM ycnnenn.H M H nanpH)KenneM na KaMepe UK, 

nonyqHM OKonqaTeJibHOe Bblpa)Ke11ne 3aBHCHMOCTH CKOpOCTH cqeTa na e,n;HHHIJ,y ,!l;JIHHbl 

ano.n;noii npOBOnOKH OT BeJIHqHHbl ra30BOro ycHJieHHH 

2µ; C(l.77 · 102 (B) In(!)+ Uo] 
Nr = M l 

O 
[E(z) - Enop.], (6) no e 

r,n;e l - .n;nnna auo.n;noii npononoKn, a E(z) onpe,n;en.HeTOI Bhlpa)KenneM 

C (1.77 · 102 In(!)+ U0] ( 1r z)-1 
E(z) = 0 tanh-

2e:os s ' (7) 
~-------------~--, 

N1 

2 

10
1 .__...,_....,J½---=-....... .,....~~-+:"'-!,..... ....... _ ...... _._ 
101 

• 
4 1 1 10' 2 4 1 1 107 

• M 

r,n;e C - eMKOCTb na e,n;HHHIJ,y ,!l;JIHHbl auo,n;

noii npOBOnOKH. Jil3 COOTHOIIIeHHH (6) BH,n;

no, qTo ,!l;JIH IIOBbIIIIeHH.H CKOPOCTH cqeTa 

neo6xo.n;nMo ncnonb3oBaTb ra3 C BblCO

KOii nO,ll;BH)KlIOCTblO HOHOB, YMeHbIIIaTb 

3a30p Me)K,!l;y ::ineKTpo,n;aMH KaMepbl ,!l;JIH 

CHH)KeHHH nepnnquoii HOHH3aIJ,HH, pa6o

TaTb C MHHHMaJibHO BOOMO)KllblM ra.30-

BblM ycnnenneM n, naKoneIJ,, ncnonb3o

BaTb n KaMepe 6onee Toncryro nponono

KY, ~06bl HMeTb 6onbIIIee 3Haqeune eM• 

Pnc. 17: 3anHCHMOCTb npe~CJibHOA CKOpOCTH KOCTH Ha e.n;nnney ee ,!l;JIHHhl, HJIH, ~ 

TO )Ke CaMOe, o6ecneqHTb BblCOKyro nnOT-C'ICTa OT BCJIH'IHHbl I'830B0I'O YCHJICHH.H B Y:,

K03a30pHOH KaMepe. 
HOCTb 3ap.H,!l;OB Ha ano,n;HblX npoBOJIOKax 

- (C · UK). lfa 3THX ycnonnii cne.n;yeT, qro MIIoronpononoqua51 KaMepa B npe,n;ene nepe-

XO,ll;HT B JiaBHHHblll nJIOCKHii ,n;eTeKTOp, CKOpOCTb cqew KOTOporo panna4 2-109 c-1 CM-2• 

3G.C. Smith, E. Mathieson, IEEE Trans. Nucl. Sci., Vol. NS-34, No.1, p.410. 
4G. Gaukler et al. NIM, 141, 1977, p.115 
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I 

I'eoMerpn:qecKJie rrapaMeTpbI Kru.iephl B HeHBHOM BH,n;e co,n;ep:lKaTCH B y,n;e.nbHOil: eMKOCTll 

ll HarrpH,KeHHOCTll 3JieKTpn:qecKOI'O IIOJIH KaMepw. Ha PHc.17 rrpn:ae,n;eHbI ,n;Be 3aBHCll

MOCTll rrpe,n;eJibl!Oil: CKOpOCTH cqera OT BeJIHqllHbI I'll.30Boro ycn:JieHHH. O6e IIOJiyqeHhl 

H3 Bhlpa,KeHHH (6) )1.JIH KaMepbI cs= 1 MM n: Zo/2 = 1.5 MM. IlpHMaH 1 COOTBe'I'CTBYeT 

3aBHCHMOCTll CKOpOCTII cqera Ha CaHTHMeTp aHo,n;uoil: rrpOBOJIOKII OT BeJin:qn:HbI I'll.30-

BOI'O ycIIJieHHH a KaMepe. 3aBHCHMOCTb 2 OTpa:lKaeT CKOpOCTb cqera, rrpn:ae,n;eHHYIO Ha 

1 c.1.C
2 

KaMepbI. CBeTJibie TOqKH Ha JIIIHllll 2 COOTBeTCTBYIQT 3KCIIepn:MeHTaJibHbIM II3-

MepeHHHM rrpn: IIOCTOHHHOM IIOTOKe C IIJIOTHOCTb!O 107 c-1 CM-2• ToqKa p Ha rrpHMOil: 

2 COOTBeTCTBYeT rrpe,n;eJibHOMY ra30BOMY ycn:JieHHIO, rrpn: KOTOpOM KaMepa crroco6Ha 

3<p<peKTHBHO pa60TaTb rrpn: 3arpY3Ke 107 c-1 CM-2 . Ifa cpaBHeHHH 3KCrrepn:MeHTaJibHbIX 

n: pacqeTHbIX pe3yJibTaToB CJie.rr.yer, qTo awp=eHn:e (6) xopomo OTpa:lKaeT rroae,n;eHHe 

rrpe,n;eJibHOil: CKOpOCTH cqera Y3K03a30pHbIX Ka.Mep B 3aBHCHMOCTll OT ra30Boro ycn:

JieHIIH. lfa Bbipa,KeHHH (6) BbITeKaeT oqeHb Ba)KHOe CJie,n;CTBHe - cyMMapHbiil: 3apH,n;, 

o6pa3yIOIU;Hil:CH B e,n;HHHizy BpeMeHH Ha e,n;n:Hmzy IIJIOIU;a,n;H KaMepbI, paBHbiil: rrpOH3Be

,n;eHHIO rrpe,n;eJibHOil: CKOpOCTH cqera Ha K03<p<pmi;n:eHT I'll.30BOI'O YCHJieHHH ll YMHO,Ke

Hbiil: Ha e,n;aHmzy 3apH,n;a, eCTb BeJIHqIIHa IIOCTOHHHaH. B HameM CJiyqae 3apH,n; paBeH 

N1 • M • e ~ 6 -10-7 KJic-1 CM-2. IlpeBbIIIIeHIIe 3TOro 3HaqeHHH yaeJIIIqeHn:eM 3arpY3KH 

IIJIH I'll.3oaoro ycIIJieHHH, rrpn:ae,n;eT K Hacwrn;eHmo n: orpaHn:qeHIIIO CKOpocTn: cqera. 

B meCToii rmme rrpn:ae,n;eHw aKcrrepn:MeHTaJibHhie pe3yJihTaThl II aHaJIH3 oco6eHHO

creil: pa3BIITHH 3JieKTpOHHOil: JiaBHHbI B Y3K03a30pHbIX KaMepax B pe,KHMe 6oJibillOI'O_ 

ra30BOI'O ycHJieHIIH. 

N 
3500 

3000 

2500 

2000 

1500 

1000 

500 

25 50 75 100 125 150 175 200 225 250 

HoMep KaHana 

PIIc. 18: AMIIJIHTY~oe pacnpe.z:1e.rreHHe cHr

HaJIOB. I'a:30BWI cMec& 83%GF4 + 17%G4H10 • 

UK= 3.8KB; 1 - cneKTP KaTO~bIX CHrHWIOB, 

OCJia6JieHHhlH Ha 40.z:µ3; 2 - cneKTp aBO~bIX 

CHrHWIOB, ocna6JieHHhlH Ha 40 .z:µ3. 

B rrpmi;ecce H3yqeHIIH xapaKTepIICTHK 

Y3K03a30pHbIX KaMep [17, 18] o6uapy

,KeHo, = B pe,KHMe 60JibIIIOro ra30B0-

ro YCHJieHIIH C pOCTOM uarrpH,KeUHH Ha 

KaMepe rrpoHCXO,n;HT HpKO Bbipa,KeUUbie 

ll3MeHenm:1 B xapaKTepe pa3BHTIIH 3JieK

TpOHHOil: JiaBHHbI. Ha6JIIO,ll;aeMbie ll3Me

HeHHH aMIIJIHTY,n;HhlX II BpeMeHHbIX xa-

paKTepIICTIIKax He COOTBeTCTBOBaJIII H3-

BeCTHhlM pe,KHMaM I'll.30B0I'O pa3pH,n;a, 

XOTH rrpn: ,ll;aJibHeil:meM yae.nn:qeHHH ycII

JieHHH KaMepa rrepeXO,n;HJia B CTpHMep

Hhlil: pe,KHM. cho IIOCJIY,KHJIO OCHOBaHII

eM cqHTaTh, qTo Ha6JIIO,n;aeMwe H3MeHe

HHH B IIOBe,n;eHHll JiaBHHhl Bhl3BaHhl rrpmi;eccaMH, pa3BHTHe KOTOpbIX OTBfil'CTBeHHO 3a 
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N 
2500 

2000 

1500 

1000 

500 

O~ 45 00 ~ ro ~ M 75 80 

T,HC 

(a) 1 - Uch = 2400B, 2 - Uch = 3700B 

N 
2500 

2000 

1500 

1000 

500 

45 50 55 70 75 

T,HC 

(b} Uch = 3100B 

_Pn:c. 19: BpeMeHHOH cneKTp CHrHWIOB C aBO.z:18 KaMephl npH PB3HhlX HanpIDKeHHIDC. 

cpopMn:poBaHHe CTpHMepa [19]. Iloae,n;ettn:e aMIIJIHTY,ll;HbIX crreKTpOB C ll3MeHeHHeM Ha

rrpH,KeHm:I Ha KaMepe IIOKa3aHO Ha Pn:c.6. C HaIIpH,KeHHH 3.3 KB Ha KaMepe aMIIJIHTy,n;w 

CIIrHaJIOB Haqn:HaIOT HaCbIIU;aTbCH. AMIIJIIITY,ll;Hb!il: pa36poc aHO,ll;HbIX CHrHaJIOB yMeHb

rnaeTCH n: c HarrpH,KeHIIH 3.6 KB pa36poc paBeH 10 %. CIIJibHOe HaCbIIU;eHHe aMIIJIHTY

,ll;bl YKa3bIBaeT, qTo IIOJie rrpOCTpaHCTBeHHOI'O 3apH,n;a cpaBHHMO HJIII ,n;=e rrpeawrnaer 

BHeIIIHee IIOJie. C HarrpH,KeHHH 3.6 KB KaMepa rrpaKTIIqecKH TepHeT qyacTBIITeJibHOCTb 

K rrepan:qHOil: n:oHn:3a!J;llII, a 3apH,n;oaoe ycn:JieHn:e rrpn: 3TOM rrpeBbIIIIaeT 2 -107• PocT Ha

rrpH,KeHHH Ha KaMepe ,n;o 3.8 KB rrpHBO,ll;HT K aMIIJIHTY,ll;HOMY CKaqKy (PIIc.18), KOTOpblil: 

CBH3bIBaIOT C o6pa30BaHHeM CTpHMepa5• CJie.rr.yer 3aMeTHTb, qTo cpopMbl aMIIJIHTY,ll;HhlX 

pacrrpe,n;e.neHn:il: CllrHaJIOB C aHo,n;a ll KaTo,n;a KaMepbI pa3JillqHbI. 

Ha Pn:c.19(a),(b) rrpn:ae,n;eHhI apeMeHHbie crreKTpbI, II3MepeHHbie rrpII pa3HhIX Ha

rrpH,KeHIIHX Ha Ka.Mepe. O6parn;aeT Ha ce6H BHIIMaHIIe CIIJibHOe II3MeHemrn cpopMbI pac

rrpe,n;e.neHIIil:. CrreKTp, rroJiyqeHHbiil: rrpn: 2400 B, orrIIchrnaeTCH pacrrpe,n;eJieHIIeM I'aycca 

II CBII,ll;eTeJibCTByeT, qTo pacrrpe,n;eJieHIIe 3JieKTpOHOB ITO CKOpOCTHM 6JIH3KO K MaKCBeJI

JIOBCKOMy. Pacrrpe,n;e.neHIIe, rroJiyqeHHOe rrpII HarrpH,KeHmi: 3. 7 KB, rroKa3waaeT HBHoe 

HapymeHIIe MaKCBeJIJIOBCKOro pacrrpe,n;e.neHIIH II IIOHBJieHIIe a JiaBIIHe 6bICTpbIX II Me,n;

JieHHhlX 3JieKTpOHOB. Pa3,n;eJieHIIe 3JieKTpOHOB no CKOpOCTHM HaqIIHaeTCH C HarrpH,Ke

HIIH 3.0 KB II yCIIJIIIBaeTCH c ero IIOBbIIIIeHIIeM. OrrIICb!BaH crreKTp 2 Ha PIIc.19(a) ,ll;BYMH 

pacrrpe,n;eJ;IeHIIHMH raycca, IIOJiyqHM qHCJIO 6wcrpwx 3JieKTpOHOB, KOTOpoe COCTaBJIHeT 

~ 30% OT o6rn;ero q11cJia B JiaBHHe. 

C pocroM I'll.3oaoro yc11JieHHH B KaMepax c ra3oaoil: cMecbIO 80%0 F4 + 20%C4H10 

)1.JIHTeJibHOCTb aHO,ll;HbIX CHrHaJIOB yMeHbIIIaeTCH c 25 - 30 HC ,n;o 5 HC. AHaJiornqHaH 

c~yaqHH rrpOHBJIHeTCH B pa60Te KaMep, HCCJie,n;oBaHHbIX rpyrrrroil: r. lliaprraKa6
• 

IlpHBe,n;eHHhle Bhlme OCHOBHhle xapaKTepHCTHKH CHJibHOTOqHOI'O pe,KHMa BbI3bIBa-

5r.,n. AJieKceeB H ,zq>. 9'IA51. ToM 13, Bh!Il.3, 1982. 
6S. Majewski et al.. Nucl. Instr. and Meth. 217 (1983} 265. \ 
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!OT p.H,D; BOIIpOCOB, II09TOMY ~e.necoo6p83HO 6blJIO rrpoBeCTu 6oJiee ,ZJ;eTIIJibHOe UCCJie,n;o

BaHue pa60Tbl TaKUX KaMep B o6JiaCTU, UCXO,n;HOli: ,n;JI.H rrepexo,n;a JiaBUHbl B CTpUMep. 

ll3MepeHU.H rrpOBO,ZJ;UJIUCb C IIOMOII\blO pa,n;uoaKTUBHblX UCTO'IHUKOB Sr90 U Fe55 • Mc

CJie,ZJ;OBIIJIUCb u~poBaHHbie curHIIJibI C O,Zl;HOli: aHO,Zl;HOil: rrpoBOJIOKU ' C ,n;Byx coce,n;

HUX C Heil: aHO,n;HbIX rrpOBOJIOK, BbIIIOJIHHIOII\llX pOJib KOHTpOJibHblX rrpOBOJIOK (KIT) u 

pacIIOJIO:lKeHHblX CJieBa u crrpaBa OT pa6oqell: aHO,ZJ;HOli: rrpoBOJIOKU, u c o6'be,n;HHeHHblX 

KaTO,Zl;HblX IIJIOCKOCTe.il:. CurHIIJibI C KIT U3Mep.HJIUCb O,Zl;HOBpeMeHHO JIU6o C KaTO,n;HbIMU, 

Jiu6o C aHO,ZJ;HbIMU curHIIJiaMU. I13Mep.HeMbie CUrHIIJibl IIOCTyrraJiu Ha OC~UJIJIOrpaq> TDS 

380 qepea corJiacOBaHHble Ha o6oux KOH~ax KOaKCUIIJibHbie Ka6enu c BOJIHOBbIM 

,.l [l· ,,1:1f--l ··~~c--,---,-~,-,-,,---,-,-,-,--,--,-r,---,--,--,---, 

~ ~ 
ii f ~~ t:·T·t:T' 1 :- ➔-1 r! _, r:r~-•-+·n i ·· 1 - : ; .11 : . l •.o 

!:!;"•1: II"·", I - - ; - I ; ~; I ' : . ' i .. ' . 11 : ; : : I : : : : I 

... +-~-~------+-t------~-
(a) (b) 

Puc. 20: a) Oc~JIJIOI'pRMMbl CHrHRJI0B c K0HTp0JihHbIX np0B0JI0K (BepXHHe) u c KRTOAR. 6) 

Oc~JIJIOI'pRMMbl CHrHRJI0B C K0HTp0JihHbIX np0B0JI0K (BepXHHe) H C BH0Aa. I'a:3oBRH CMeCh 

90% GF4 + 9.88% G4H10 + 0.12% Hg. HanpIDKeHne Ha KRMepe yKll3BH0 Ha oc~HJIJI0I'paMMax. 

Ocna6JieHHe RH0~bIX H KRTOAHbIX CHrHRJI0B 10 ,zu3. 

corrpoTUBJieHUeM 50 OM. BpeM.H pacrrpoCTpaHeHH.H cnmaJIOB c KaTo,n;a, aHo,n;a H KIT ,n;o 

BXO,n;a B OC~JIJIOrpaq:> BbipaBHeHO n paBHO (50 ± 0.1) HC. 

ll3MepeHH.H rrpOBO,n;HJIHCb ,n;JI.H 6 pa3JIH'IHblX I'830Bb!X HaIIOJIHeHHli KaMepbI. B npo

~ecce H3yqeHH.H o6Hapy:lKeHo, 'ITO Ha'IHHa.H C r830BOI'O ycuJieHH.H > 105 CHrHIIJI C Ka

TO,ZJ;a KaMepbI Ha'IHHaeT IIO.HBJI.HTbC.H C 3a,n;ep:lKKOli: OTHOCHTeJibHO curHIIJIOB Ha aHo,n;e 

u KOHTpOJibHblX IIpOBOJIOKax (Pnc.20(a)). AHIIJIOrH'IHa.H 3aBHCHMOCTb B 60JibIIIe.il: HJIH 

MeHbIIIeli: CTerreHH HMeeT MeCTO ,n;JI.H ,n;pyrux I'830Bb!X COCTaBOB [10]. 
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I 

Ha Pnc.21 rrpnBe,n;eHbI HIIJIO:lKeHHbie ,n;pyr Ha ,n;pyra OC~JIJIOrpaMMbl, B3HTbie ll3 

Puc.20(a) H Puc.20(b), U3MepeHHble na ano,n;e, KaTO,n;e H KOHTpOJibHblX rrpOBOJIOKax B 

r830Boli: CMecn 85% C F4 + 13% G4H10 + 2% GO( C H3)2 rrpu Harrp.H:lKeHuu Ha KaMepe 

3, 2 KB, KOTOpbre OTpa:iKalOT Bpe- 75.0 

MerrnyIO Koppe.n.H~IO CHrHIIJIOB OT- 's! 

HOCUTeJibHO ,n;pyr ,n;pyra. Ha Puc.20(af 

u Puc.21 xopomo BH.n;HO, 'ITO Ka- j 
TO,Zl;Hblli: curnaJI IIO.HBJI.HeTC.H IIOCJie 

o.o· 

3.2lkV 

,ZJ;OCTH:lKeHU.H aHO,ZJ;HbIM CHrHIIJIOM CBO

ero IIOJIOBUHHOI'O 3Ha'Ienu.H. Kpo

Me TOI'O, 9JieKTpOHHa.H JiaBUHa B ~e

JIOM Haxo,n;uTC.H B KOJie6aTeJibHOM 

COCTO.HHUU, rrpu'IeM 'IaCTOTbI KOJie-

-75.01+---.--+-~-l----j--;.-.;.-_,___; _ _J_ 

0 50 100 
BpeMR. HC 

6aHUH Ha aHO,n;HOM U KaTO,n;HOM cur- Pnc. 21: Oc~HJIJIOrpRMMbI CHrHRJI0B c RH0Aa, KaTD-

HIIJiax COBIIa,ZJ;aIOT. HarrpaBJieHue ,ZJ;BUp;a (HH:lKHHe) H C KOHTpOJihHbIX np0B0JI0K (BepxHHe) 

)KeHH.H IIOJIHpH30BaHHOro aap.H,D;O

BOI'O crycTKa rrpn ero Kone6aHH.HX 

B rll3oBoil: cMecn 85%GF4+13%G4H10+2%GO(GH3)2. 

Ocna6JieHHe RH0~bIX H KRTOAHbIX CHrHRJI0B 10 AB • 

orrpe,n;e.nHeTC.H ITO IIOJI.HpHOCTH curHIIJIOB, nn,n;y~upyeMblX 9JieKTpOHHbIM U UOHHbIM CJIO

.HMU Ha aHo,n;e u KaTO,n;e COOTBeTCTBeHHO. CoBMeCTHbie KOJie6aHU.H rrpOTUBOIIOJIO)KHbIX 

3ap.H,D;OB BO BHeIIIHeM 9JieKTPH'IeCKOM IIOJie C o,n;u

HaKOBOH q:>830li: 03Ha'IaIOT, 'ITO OHH CB.H3aHbI co6-

CTBeHHbIM IIOJieM, rrpeBOCXO,n;.HII\llM BHeIIIHee IIOJie B 

o6JiaCTu paCIIOJIO)KeHU.H JiaBUHbI. IT03TOMY ,ZJ;BU)Ke

HUe 3JieKTpOHOB H HOHOB B3aHMHO 9KpaHUPYfOTC.H 

[10]. lfa Pnc.21 BH.n;HO, 9JieKTponbr 9KpaHUPYIOT

C.H OT KaTo,n;a UOHHbIM CryCTKOM, UOHbI - OT aHO

,n;a 9JieKTpOHHbIM. ITo3TOMY HaBe,n;eHHbIH 3ap.H,n; na 

aHO,Zl;e COO,ZJ;aeTC.H TOJibKO 9JieKTpOHaMU, a Ha KaTO

,n;e - HOHaMU. Ha 9TOil: CTa,n;HU ll3MeHeHue curHIIJIOB 

Ha aHo,n;e u·Karo,n;e 06.HaaHo,' B ocnoBHOM, rrpoTeKa

IOII\UM B KaMepe TOKaM CMeII\eHH.H, BbI3BaHHbIM IIO

JIHpll3a~ell: 9JieKTPO,Zl;OB H3MeH.HIOII\llMC.H 3JieKTpu

'IeCKUM IIOJieM KOJie6JIIOII\llXC.H aap.H,D;OB. 

(\4> Vo) 'HOA 
v. 

fz 

CpaBHeHue MOMeHTOB BpeMeHH IIO.HBJieHll.H cur- Pnc. 22: PacnpeAeJieHHe 3apHAa B 

HIIJIOB Ha aHo,n;e H KOHTpOJibHbIX rrpOBOJIOKax IIOKa- JIRBHHe npH o6pll30BRHHH AHII0JIH. 

3bIBaeT, 'ITO BO BCeM ,n;uarr830He ll3MeHeHU.H Harrp.H)KeHU.H Ha KaMepe OHU o6p83yIOTC.H 
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OMJOBpeMeHHO (cM. P11c.20{b)). 

. 3a,n;ep:iKKa HH,!Q,'KWIH Ha KaTo,n;e CBH3aHa TeM, 'ITO B IIJIOTHOfi JlaBHHe OCHOBHaH 

'IaCTb 3JieKTpOHOB Me)l;JleHHbie. lfoHhl H 3JieKTpoHbI rrepeKphlBaIOTCH H ,n;peficpyror B 

rrpOTHBOIIOJIO:lKHhlX HaIIpaBJieHIIHX. IlpH ,ll;OCTaTO'IHOH IIJIOTHOCTH JiaBHHhl, ,n;peficp rrpH

Be,n;eT K IIOHBJieHHIO IIOJIH, Bhl3BaHHOro pa3,n;eJieHHeM 3apH,n;OB (rrOJIH IIOJIHpH3ar~m), 'ITO 

3KBHBaJieHTHO HeKOTOpOMY ,ll;HIIOJIIO C 3apH,n;aMH N, ~ N; , paCIIOJIO:lKeHHhlMH Ha pac

CTOHHHH HOHH3aW{OHHOfi )l;JIHHbI a-1 (Pac.22). Bttemttee IIOJie Eo B u;ettTpe ,ll;HIIOJIH 

OCJia6HTCH ,n;o HYJIH, Kor,n;a IIOJie, C03,ll;aHHOe B HeM 3JieKTpOHHbIMH H HOHHbIMH 3apH,n;aMH 

rro oT,n;eJibHOCTH E 1 = eN, • 4a
2 
/{47rfo), ,n;oCTHrneT 3Ha'IeHH.a E 0/2. 9ro rrpoa3ofi,n;eT, 

Kor,n;a 'IHCJIO aneKTpottoB B JiaBHHe BhlpacTeT ,n;o Ncr = 7rfoEo/{2ea2). Mcxo,n;.a H3 pa

BeHCTBa Eo = 2 E1' Bhlpa3HM ttarrpH:lKeHHOCTb BHemHero IIOJI.H qepe3 IIJIOTHOCTb JlaBHHbl 

E1 = 41rn,ea-1: 

E 
_

2
E _

2
41rn,ea-

1 
_ 2n,e 

o- 1- ---
47rfo fo a 

{8) 

IIo,n;CTaBHB 3TO Bbipa:lKeHHe B Ncr, IIOJIY'IHM "rrOCTOHHHyro" ,ll;JIH o6pa3oBaHHH ,ll;HIIOJIH, 

T.e. OTHomeHHe IIJIOTHOCTH 3JieKTpOHOB B JiaBHHe K K03<pq>Hu;HeHTY HOHH3au;HH Bcer,n;a 

paBHO KpHTH'IeCKOMY 'IHCJiy 3JleKTpOHOB: 

Ncr = 1rn,/a3
• {9) 

<l>H3H'IecKHH CMbICJI IIOJIY'JeHHOro KpHTepHH COCTO

HT B CJie,n;yIOru;eM. ,ll;HIIOJib o6pa3yeTCH TOJibKO B TOM 

CJiy'Iae, eCJIH B o6beMe JlaBHHbI, paBHOM a-3 CM3 

'IHCJIO aJieKTpOHOB N, ~ Ncr. IlpH BhlIIOJIHeHHH 

,n;aHHOro KpHTepHH rrpeKparu;aeTCH ,n;pefiq>OBhlfi TOK 

qepe3 KaMepy, 3JieKTpOHbI TOpM03.HTCH H CBH3bIBa

lOTCH HoHaMH, co3,n;a10Tc.a 6narorrpHHTHbie yCJioBH.H 

,ll;JIH o6pa30BaHHH BO <ppOHTe JlaBHHbl ''6bICTpbIX" 

3JieKTPOHOB, T.e. coo,n;aIOTC.H Heo6xo,n;HMbie YCJIOBHH 

)l;JIH q>OpMHpOBaHHH B 3JieKTpOHHOfi JiaBHHe ,ll;BOH

HOro 3apH,ll;OBOro CJIOH H rrpOHBJieHHH rrpou;ecCOB o6ec

rre'IHBa!OID;HX JiaBHHHO-CTpHMepHbIH rrepexo,n;. ,ll;JI.H 

Y3K03a30pHOH KaMephl, C ra30BbIM HaIIOJIHeHHeM 

80%CF4 + 20%C4H10, Ncr ~ 2,2 • 104
• 

+AHop. 

f l_L 
-----.. .:-: ------. ,:. _______ _ 

Pac. 23: CxeMaTH'lecKoe oqep

TaHHe u pacnpeAeJieHHe 3apSJAOB 

OTCYTCTBHe HH,!Q,'KWIH Ha KaTO,n;e rrpHBO,ll;HT K B JlaBHHe K MOM0HTY OKOH'laHHH 

Aff<P<PY:3HOHHOI'O TOKa. 
rrpeKparu;eHHIO TOKa qepe3 BHeIDHIOIO u;errb. Carna-

Jihl Ha aHo,n;e H KIT o6pa3YIOTCH 6naro,n;apH ,n;H<pq>Y3HOHHOMY TOKY, KOTO!)hlfi crpeMHT

c.a_ ycrpaHHTb rpa,n;HeHT IIJIOTHOCTH, xapaKTepHhlfi ,ll;JIH JiaBHH, ,ll;H<pq>Y3HOHHbifi TOK, 
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Bbl3bIBaeMbIH rrepepacrrpe,n;eJieHHeM 3JieKTpOHOB B HarrpaBJieHHH K atto,n;y, rrpHBe,n;eT K 

pa3pymeHHIO ,ll;HIIOJIH. TaK KaK B u;eHTpe 3JieKTpOHHbIX 3apH,ll;OB pacrrpe,n;eJieHHbifi IIO

TeHW{aJI HCTO'IHHKa lfo OCJia6JieH IIOTeHD;HaJIOM 3JieKTpOHOB, TO OHH ,ll;H<p<pyH,n;Hpy!OT 

H3 06'beMa JiaBHHbl H u;eHTpaJibHOfi o6naCTH K rrepH<pepHH rOJIOBKH JiaBHHbl C IIOTeH

D;HaJIOM Vi, r,n;e 6onee HH3KaH IIJIOTHOCTb H CHJibHee 3JieKTpH'IeCKOe IIOJie (Vi > Vo, 
Pac.22). B Pe3YJibTaTe oqepraHHe JiaBHHbl H pacrrpe,n;eJieHHe 3apH,n;OB MO:lKHO rrpe,n;cra

BHTb CXeMaTH'IeCKH, KaK IIOKa3aHO Ha Pac.23. TaKHM o6pa30M K MOMeHTY OKOH'IaHHH 

,ll;H<pq>Y3HOHHOro TOKa roJIOBKa JiaBHHbI, co,n;ep:iKaru;aH OCHOBHYIO IIJIOTHOCTb 3apH,1J;OB, 

rro,n; BJIHHHHeM BHemHero IIOJIH 6y,n;eT rrpe,n;cTaBJIHTb co6ofi IIOJIHpH30BaHHblH IIJia3MeH

Hbifi crycTOK, B KOTOpOM rrpOH30illJIO JIOKaJibHOe pa3,n;eJieHHe 3apH,ll;OB. 

9JieKTPH'IeCKHe xapaKTepHCTHKH IIOJIHPH30BaHHOro crycTKa H ero BJIHHHHe Ha BHem

Hee IIOJie ou;ettHBaJIHCb C IIOMOID;b!O CJie,n;yIOID;HX ypaBHeHHH. 

3Ha'IeHHe 3JieKTpH'IeCKOro.IIOJIH B TO'IKax H'IeHKH KaMepbl orrpe,n;eJIHJIOCb H3 Bbipa

:lKeHHH [ 1): 

Eo = 21rUo t sinh[1r(y- ks)/z0]cos,rx/z0 

"' z0C0 cosh[21r(y- ks)/zo]- cos21rx/zo' 
k=-m 

(10) 

E _ 21rUo t cosh[1r(y - ks)/z0]sin1rx/z0 

oy - z0C0 cosh[21r(y - ks)/ zo) - cos 21rx / Zo' 
k=-m 

(11) 

r,n;e 

~ [ cos 1rro/ zo ] 
C0 = L., arctanh h k / , 

k=-m COS 7r S Zo 
(12) 

OCb X HarrpaBJieHa OT rrpOBOJIOKH K KaTO,n;y, OCb y- rreprreH,n;HKYJIHpHO K rrpOB0JIOKaM. 

BeJIH'IHHa 27rfo/Co rrpe,n;cTaBJIHeT co6ofi y,n;eJibHYIO eMK0CTb rrpoB0JIOKH. 

3tta'IeHHH K03<pq>HD;HeHTa HOHH3aD;HH B ra3e C F4 rrpH pa3HOH HarrpH:lKeHHOCTH IIOJIH 

B3HTbI H3 pa60Thl7• ,ll;JIH aHaJIHTH'IeCKOro rrpe,n;CTaBJieHHH 3KcrrepHMeHTaJibHO H3MepeH-

HbIX 3Ha'IeHHH a HCII0Jlb30BaJiaCb arrpOKCHMaW{H 

a { E(x,y) ( -B )} 
N = A.~. exp E(x, y)/N - 10, (13) 

r,n;e A= 2; 702 • 1016 B-
1 

• cM3, B = 15, 3 • 10-15 B • cM2 , N = 2, 6868 • 1019 CM-3• Ko-

3<pq>HW{eHT ra30BOro YCHJieHHH B JiaBHHe B,ll;0Jlb TpaeKTOPHH 3JieKTpOHa orrpe,n;eJIHJICH 

Bblpa:lKeHHeM: 

M = exp 1:~• a(E(x,y))dx, (14) 

r,n;e r SW = 0, 001 CM - pa,n;Hyc atto,n;ttofi rrp0BOJIOKH, Xcr = 0, 016 CM - KpHTH'IeCKHfi pa,n;H

yc, orrpe,n;eJIHIOID;Hfi pa3Mephl o6JiaCTH, B KOTOpofi K03<pq>HW{eHT HOHH3au;HH a~ 1 • 

7L.G. Christophorou, and J.K. Olthoff, J.Phys. Chem. Ref. Data, V. 28, No. 4 (1999). 
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PHc. 24: a) IlcKruKeHHe 9JieKTpH'IeCKOI'O IlOJIH npocTpaHCTBeHHhIM 3RpH,ZJ;OM. 6) IIoae,D;e-

HHe ( 0 X) B 9JleKTPH'leCKOM none, HCKIUKeHHOM npocTpaHCTBeHHhIM 3apH,D;OM. 

l'{HCJIO 3apH:lKeHHhIX qacTHIJ; B JiaBHHe orrpe,n;eJIHJIOCb H3 ee TOKOBhIX xapaKTepHCTHK 

(PHc.8). IlpH Uch = 3800B aMIIJIHTy,n;a CHrHaJia Ha HarpY3Ke 500M paBHa R! 185MB H 

. ql!"CJIO aJieKTpOHOB B JiaBHHe cocraBHT N, = N; = It/e R! 1, 2 • 10
8

• 

Ou;eHKa BJIHHHHH rrpocTpaHCTBeHHOro 3apH,LJ;a Ha pa3BHTHe JiaBHHhI rrpoBe,n;eHa ,Il;JIH 

JiaBHHhI, rrpe,n;CTaBJieHHOll B BH,n;e ,Il;BOiiHoro CJIOH [19], 3apH,I1;0Bbie IIOBepxHOCTH KOTO

poro HMe!OT cpopMy ,Zl;HCKOB C pa,n;HJCOM, paBHhIM pa,n;Hycy JiaBHHbI Ro, H TOJIIu;HHOii 

t < < Ro, PacCTOHHHe Me)K,Il;y ,Il;HCKaMH rropH,n;Ka a-
1

. ,l1;JIH ToqeK Ha OCH, HOPMaJibHOii 

K IIOBepXHOCTHM ,Il;BOHHOro CJIOH H rrpoxo,n;Hru;eii qepe3 HX u;eHTphr, HaIIPH:lKeHHOCTb IIOJIH 

orrpe,n;eJIHeTCH Bbipa:lKeHHeM: 

Ju_J - O"+ [1 - x 
2

] • 

Ex= 2to Jx2+ro 
(15) 

IloBepxHOCTHaH IIJIOTHOCTh 3apH,LJ;OB paBHa u+ = N;e/1rr~, Ju-I= 0, 7 N;e/1rr~. 

Pe3JJihTaT KoppeKu;HH IIOJIH B,Il;OJih OCH JiaBHHhI rroKa3aH Ha PHc.24(a). Ha PHc.24(b) 

rrpHBe,n;eHa 3aBHCHMOCTb rrpOH3Be,n;eHHH (a· x) OT pacCTOHHHH x, rrpoii,n;eHHOro JiaBH

HOii. BH,n;Ho, qTo acp<peKTHBHaH ,Zl;JIHHa JiaBHHbI Lavi R! 0, 01 CM. CqHTaH cpopMy JiaBHHbI 

KOHHqecKoii, IIOJiyqHM, qTo ee IIJIOTHOCTb n,,i R! 8 • 1014 CM-3 , a ,n;e6aeBCKHii pa,n;HyC 

3KpaHHpoBaHHH B Heii rv = (T,/41rn,,;e2 ) 112 R! 10-5 cM, r,n;e T, R! 0.17aB8 - cpe,n;

HHH aHeprHH aJieKTpOHOB B ra3e CF4 • CJie,n;oBaTeJibHO, pa,n;Hyc JiaBHHbI H ee ,Zl;JIHHa 

(ro = 1.2. 10-2 cM H Lavi = 10-2 cM) MHOro 6oJibille rv = 10-5 cM. BbIIIOJIHeHHe 

,n;aHHbIX KpHTepHeB 03HaqaeT, qTo B 3JieKTpoHHOii JiaBHHe ycraHOBHJICH pe:lKHM aM6H

IIOJIHpHofi ,n;H<p<pY3HH. 9To IIOOBOJIHeT cqHTaTh JiaBHHY IIJia3MeHHbIM o6pa30BaHHeM. B 

81.G. Christophorou et al., J.Phys. Chem. Ref. Data, V. 25, No. 5 (1996). 
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HOB0M COCTOHHHH Me)K,Il;y q6,C'rHIJ;aMH JiaBHHbI ,Il;OJI)KHb! 6oJiee HHTeHCHBHO rrpOTeKaTb 

rrpou;eCChI TeIIJI006MeHa, BbipaBHHBaTbCH 3HaqeHHH ycKopeHHii BO BHemHeM IIOJie, pe3qe 

rrpOHBJIHTbCH 3aBHCHMOCTb B ,Il;BH)KeHHH qaCTHIJ; OTHOCHTeJibHO ,n;pyr OT ,n;pyra. 

3HaqeHHe Oo, rrpH KOTOpoM rrpeKparu;aeTCH poCT JlaBHHhI, orrpe,n;eJIHJIOCb H3 Tpe6o

BaHHH paneHCTBa Bbipa:lKeHHH ( 14) qHCJIY aJieKTpOHOB n JiaBHHe N, R! 1, 2 • 108 
• ,l1;aHHoe 

qHCJIO 3apH,D;0B BOOHHKaeT rrpH Oo R! :;. 

4900 cM-1• IlpH qHCJie KJiacrepon ::i 

HOHH3aIJ;HH, paBHOM 15, 3HaqeHHe 

(a•x) R! 15, 9 peaJIH3JeTCH Ha pac

CTOHHHH 0, 00245 CM OT OCH aHo,n;a. 

IlpO,Il;Bl{)KeHHe JiaBHHbI K aHO,Il;Y eru;e 

Ha 0,Il;HJ ,Il;JIHHJ HOHH3au;HH ( R! 

0, 00016 CM) rrpHBeJIO 6bI K po~ 

qHCJia aJieKTpOHOB ,n;o 4-108 • Ho co

OTBeTCTBJIOiu;He 3T0My 3HaqeHHIO 

aMIIJIHTY,Zl;hI Ha aHo,n;e KaMepbI He 

Ha6JIIO,n;aIOTCH. IlpH pa3BHTHH Jia

4r----r---------------, 

3.8'' 

3.6f- I ' v24.5µm 

3.4\- I 3354V "-\ 
~--~i 

_ 3248V 

rsw 

23.5µ m --j j ~ 25.5µ m 

5 10 15 20 25 30 35 4( 

X,µm 

BHHbI OT o,n;ttoro 3JieKTpOHa qHCJIO PHc. 25: Pacnpep;eJieHHe IlOTeH~HaJia B o6JIRCTH Jia

N, Rj 1, 2 • 108 ,Il;OCTHraJIOCb rrpH BHHhl. 

(a· x) = 18,6 Ha pacCTOHHHH 0,0019cM OT OCH aHo,n;a. CJie,n;oBaTeJibHO, B JII060M 

CJiyqae, rrepe,n; rrepexo,n;oM JiaBHHhI B CTPHMep pa3BHTHe aJieKTpOHHOfi JiaBHHbI 3anep

maeTCH, He ,Il;OCTHraH aHo,n;a KaMepbI. IlpeKparu;eHHe pa3BHTHH JiaBHHbI B,Il;aJIH OT aHO

,n;a MO)KeT CJIJ)Kl{Tb OO'bHCHeHHeM BbICOKOll Pa,n;HaIJ;HOHHOfi CTOi!.KOCTH J3K03a30pHbIX 

KaMep c ra3onoii cMecbIO 80% C F4 + 20% C4H10 • HecMOTPH Ha pa60Ty KaMep B HH

TeHCHBHhIX IIOTOKaX 3apH:lKeHHhIX qaCTHIJ; ~ 107 c-1 CM-2 H 6oJibillOii KOHIJ;eHTpau;HH B 

ra30BOH CMeCH H306JTaHa HX pa,n;nau;HOHHaH CTOiiKOCTb ,Il;OCTHraeT Rj 10 KJI/ CM
2 

H B 

50 pa39 [9] rrpeBbiillaeT pa,n;Hau;HOHHYIO CTOi!.KOCTb CTaH,n;apTHhIX KaMep. CKaqoK IIOTeH

IJ;HaJia Ha IIOJIO)KHTeJihHOii IIOBepXHOCTH ,n;noi!.Horo CJIOH, BeJIHqHHOIO /lcp = 'P+ - cp_ = 
[(u+ - u_)ao1

)j/2to = 155B, BbI30BeT IIOHBJieHHe Ha KpHBOH pacrrpe,n;eJieHHH II0TeH

IJ;HaJia "rop6a" n ycHJIHT IIOJie B HarrpanJieHHH KaTo,n;a, a IIOJie n HarrpaBJieHHH K aHO,Il;Y 

OCJia6HTCH. fpacpnqeCKaH HJIJI!OCTpau;HH o6JiaCTH pacIIOJIO)KeHHH 3apH,Z1;0BbIX CJIOeB OT

HOCHTeJibHO aHO,Il;HOii rrpOBOJIOKH Ha KpHBOii pacrrpe,n;eJieHHH IIOTeHIJ;HaJia (n rrpe,n;enax 

0,004cM OT OCH aHo,n;a) ,n;aHa Ha Pnc.25. 

B ce~Moii rmme paccMaTPHBaeTCH MO,Il;eJib ,n;noiiHoro 3apH,LJ;oBoro CJIOH, rrpe,Zl;JIO

:lKeHHaH aBTOpOM ,Il;JIH o6'bHCHeHHH 3KCIIepHMeHTaJibHhIX ,Il;aHHbIX, IIOJiyqeHHhIX rrpn pa-

9R. Henderson et al., IEEE Trans on Nucl. Sci., v.NS-35, No.I (1988) 477. 
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6oTe Y3K031130pHbIX KaMep B pe:iKHMe OOJihillOI'O I'830BOI'O ycuJieHIUI (19). 

yqllTblBruI HanpaBJieHUH IIOJiefi, COOAaBaeMbIX 3apH'AaMU OTHOCUTeJihHO HarrpaBJie

HllH BHemHero IIOJIH (Puc.26}, 3arrumeM Pe3YJibTupyrom,ne IIOJIH, HaxO'AHID;UeCH BOBHe 

HerrocpeACTBeHHO 3a UOHHhlM U 3JieKTpOHHhlM CJIOHMU, a TaIOKe BHYTPU 'ABOil:HOI'O CJIQH: 

E-
1 

E'AB.CJI. 

Et 

Eo + E_ - E+ = 1, l • 105
B/cM, 

Eft- E_ - E+ = -5,4 • 105
B/cM, 

= Et+ E+ - E_ = 3,6 • 105
B/cM. 

(16} 

(17) 

(18} 

rAe Et, Eo -3HaqeHUH BHemHero IIOJIH B6JIU3U UOHHOH U 3JieKTpOHHOfi IIOBepXHOCTeil:, 

--
E+ I IL )I 

t I i 
~ 

p 

l 
~i r 

-1 
<lo 

r TE 

t t ! t t Em 

C _____ X 

Puc. 26: CxeMa K pac'leTY BhlHy~aro~efi 

CHJihl, ,zr;efiCTByro~efi Ha IlOJU1pH30BaHHhlH 

cryCTOK 38pSl,!l;OB B Heo,!l;HOpO,zr;HOM IIOJie. 

E+ = a+/2Eo, E_ = la-I /2f0-rroJIH, o6pa-

3yeMble UOHHhlM U 3JieKTpOHHhlM CJIOHMU 

.,JIB .CJI. E 
COOTBeTCTBeHHO, 1!Jo' , 'AB.CJI. -BHem-

Hee u Pe3YJihTupyrom;ee IIOJIH BHYTPU 'ABOil:

HOro CJIOH. 3HaqeHUH 3JieKTpuqecKHX II0-

Jie.fi B JlaBUHe u B6JIU3U ee 3apH'AOBbIX II0-

BepxHocreil: OTpaJKaIOT CUJihHYIO HeOAHOPOk 

HOCTh IIOJIH. 

IlycTh HarrpH:lKeHHOCTh IIOJIH B u,eHTpe 

THJKeCTu OTpuu,aTeJibHOil: IIOBepXHOCTU ( TOq

Ka 4, Puc.26} paBHa E(x.s), a B u,eHTpe TH

JKecru rroJIOJKUTeJihHOil: rroaepXHOCTU (Toq

Ka 5} paaHa E(x4 } + ~E, rAe ~E - rrpupa

m;eHue IIOJIH, Bhl3BaHHOe CKaqKOM IIOTeHD,H

aJia. TorAa Ha IIOJIHpU30BaHHblil: cryCTOK B 

HanpaBJieHUU KaTOAa 6yAeT Aeil:CTBOBaTb CUJia, KOTopyro, corJiacHO Puc.26, MO:lKHO 3a

rrucaTb B BUAe: 

( 
1 ~E ) 1 8E(xs) ) F,,K = (N;-N,)eE x.s)+N;ea0 -=r = (N;-N, eE(x.s)+N;ea0 -

0
-, (19 

% (l . 

rAe 8E(xs)/8a - rrpOH3BOAffruI BeKTOpa E IIO HarrpaBJieHUIO a, COBrra,n;arom;eMy c Ha

llpaBJieHUeM ~pupam;eHUH BeKTOpa E. lfa BhlpaJKeHUH (19} CJieAYeT, qTQ rroJIHpH30BaH

Hhifi IIJill3MeHHblil: cryCTOK, CBH3aHHbiil: co6crBeHHhIM IIOJieM u HaxO'AHIIJ,llil:CH B HeOAHO

PDAJIOM 3JieKTpuqecKOM IIOJie, UCIIhITh!BaeT co CTOpOHhI IIOJIH CUJIOBOe BOOAeil:CTBUe U 

BTHrHBaeTCH a o6JiaCTh 6oJiee CUJihHOI'O IIOJIH (18), T.e. HaquHaeT 'ABU:lKeHue a HaIIpaB

JieHUU K KaTOAY. 

KpoMe BbIHYJKAaIOm;eil: CUJihl F,,K Ha IIOJIHpU30BaHHhlfi cryCTOK Aeil:CTBYeT co CTO

pOHbl aHOAa B03Bpam;arom;rui CHJia F,,A U CBH3hIBaIOID;ruI CUJia MeJKAY CJIOHMU F'AB,CJI,• 

30 
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Puc. 27: ,n:aofiHofi 3apH,zr;oa&1fi cnofi: a) - Ka'leCTBeHHoe H3o6pIDKeHHe CHJIOBhlX JIHHHH 

IIOJieH B o6JiaCTH ,!l;BOHHOI'O CJIOH; b) - CHJIOBhle JIHHHH IIOCJie CMe~eHHH HOHOB K KaTOp;y. 

lfa-3a UHepu,uu U YAep:lKUBa1om;ero IIOJIH co CTOpOHhl aHOAa U pa,n;uaJibHOH COCTaBJIH

rom;eil: IIOJIH UOHHOI'O CJIOH, 3aMKHYTOH Ha 3JieKTpOI!Hbiil: CJIO.fi co CTOpOHhI aHOAa ( CM. 

PHc.27(a)), aJieKTpOHHOe o6JiaKo IIPHAeT B ABHJKeHHe c 3a,n;ep:lKKOii: 2Hc (PHc.21}. 3a 

2HC HOHbI CMeCTHTCH K KaTOAY rrpHMepHO Ha 2. 10-2 cM (cM. HH:lKe} H HX BKJiaA B 

BeJI!fqHHY IIOJIH, o6pll3yeMoro 3JieKTpOHHbIM CJIOeM B o6JiaCTH MeJKAY HHM H aHOAOM, 

rrpaKTHqecKH HCqe3HeT (PHc.27(b}}. B HTOre IIOJie 3a 3JieKTpOHHbIM CJIOeM (c yqeTOM 

CJia6oro, HO OCJia6JIHIOm;ero IIOJIH HOHOB) B03pacTeT AO E1 = Eo + E_ :::::: 3, 2 • 105 BI CM. 

. ,ll;BHJKeHHe ll:OHHOro CJIOH K KaTOAY BAOJ!b y6hIBarom;ero BHemHero IIOJIH oCJia6HT 

Aeil:CTBHe BhIHyJKAaIOm;eii: CHJibI (19}. BoopacTarom;ax B03Bpam;arom;ax c11Jia F.,A, Aeii:

CTBYH Ha IIOJIHpH30BaHHbI.fi crycTOK, IIPHAaCT eMy ycKOpeHHe H BepHeT B HaqaJibHOe 

IIOJIOJKeHHe. lfa-3a HHepD,HH OH rrpocKoqHT HCXOAHOe IIOJIOJKeHHe. 3aTeM rrpou;ecc IIO

BTOPHTCH, If IIOJIHpH30BaHHbI.fi crycTOK rrepeil:AeT B KOJie6aTeJibHOe ABHJKeHHe BAOJib 

BHerrrnero rroJIH. 

KoJie6aHHH IIOJIHpH30BaHHOro crycTKa, HMerom;ero ABe CTerreH!f CB060AhI, xapaKTe

pH3YIOTCH ABYMH MOAaMH KOJie6aHHil:10
• B rrepBOH MOAe 3apHAOBbie IIOBepXHOCTH KO

Jie6JIIOTCH c OAlfHaKOBO.fi qacTOTOfi II coaepmaIOTCH TaK, KaK eCJilf 6bl BbIHYJKAaiom;aH 

If B03Bpam;aiom;ax ClfJibl (4, 5} 6b!Jm MeHbme CHJibI rrpHTHJKeHHH (6) MeJKAY CJIOHMH. B 

TaKHX YCJIOBHHX CBH3b MeJKAY 3apHAOBbIMH IIOBepXHOCTHMlf MaKCHMaJibHa If KOJie6aHHH 

COBepmaIOTCH B <pll3e. IlpHMepHO qepe3 20- 25 HC B Pe3YJibTaTe CTOJIKHOBeH!fil: 3apHAOB 

c Heii:TpaJibHhlMH aTOMaMH II Aeil:CTBHH BHemHero IIOJIH KoJie6aHHH 3aTyxaroT (PHc.21}. 

BTopaH MOAa KOJie6a11Hil: peaJIH3yeTCH, KOrAa CBH3b MeJKAY 3apHAaMH HaqHHaeT ycTy

IIaTb BbIHYJKAaIOm;eil: CHJie. 

10GrpeJIKOB c.rr. BBe,n;emi:e B Teop1110 KOJie6aimll:. M.: HayKa, 1964. 
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Kone6aHHH CHCTeMbI, CBH3aHH0ii CHJiaMH, xapaKT€pH3YIOTCH K03<p<pH~HeHTOM CBH-

3aHH0CTH 
2w.w; 

u = 12 lw; _ w;I" (20) 

CBH3aHHOCTb ,D,Byx CHCTeM 3aKJIIO'laeTCH B TOM, 'ITO xapaKTep B3aHMO,D,eiiCTBHH M€)K,lzy 

CHCTeMaMH onpe,D,eJIHeT He T0JibK0 BeJIH'IHHa CHJI CBH3H ( 12 ) , HO H 6JIH30CTb nap~HaJib

HhlX 'JaCT0T (w.; w;) .n;pyr K .n;pyry. TaK KaK nap~HaJibHbJe 'laCT0Tbl 3apH,!J,0BbIX CJI0eB 

)J,0JI)KHbl 6hlTb 6JIH3KH K C00TBeTCTBYIO~HM nJia3M€HHbIM 'laCT0TaM 3apH,!J,0B, TO 3)J,€Cb 

HMeeTCH c~eCTBeHHaH paccrpoiiKa Ha BeJIH'IHHY nopH,D,Ka Jm./ M;. 9To OOHa'laeT, 

'ITO KaJK)J,blll CJI0fi KOJie6JieTCH co CB0eii co6CTB€HHOH 'laCTOTOH. Cne.n;oBaTeJibHO, B Ha

meM CJiy'lae, CBH3aHH0CTb CHCT€Mbl onpe.n;eJIH€TCH T0JibK0 BeJIH'IHH0ii CHJibl CBH3H 12, 

K0TopaH paBHa CHJie F.n;B.C, .n;efiCTBYIO~efi Me)K,lzy 3apH,D,0BbIMH CJI0HMH • 

IlpH 0TH0CHT€JibH0 HH3KOfi IIJI0TH0CTH II0JIHpH30BaHH0ro cryCTKa ero BJIHHHHe Ha 

BeJIH'IHHy pac11pe.n;eJieHH0ro II0TeH~HaJia B o6JiaCTH ero pacll0JI0)KeHHH H€3Ha'IHT€JibH0, 

ProyJibTHpyIO~He II0JIH B6JIH3H 3JI€KTp0HH0ro H H0HH0ro CJI0eB 6y,D,YT llpHMepH0 0)J,H0ro 

II0PH,D,Ka, HO M€HbIIIe, '1€M II0Jie BHYTPH )J,B0llH0ro CJI0H. B 3T0M cJiy'lae CBH3aHHbl€ 3a

pH,D,bl KOJie6JIIOTCH KaK €,!J,HHaH CHCTeMa. TaKaH CHTya~HH peaJIH3Y€TCH B IIIHP0K0M )J,Ha

na30He HanpH)K€HHii Ha KaMepe H xopomo BH,D,Ha Ha o~HJIJiorpaMMax (Pnc.20(a),(6)). 

C P0CT0M IIJI0TH0CTH 3apH,D,0B, none Ha aHO)J,HOH CT0poHe )J,B0iiHoro CJI0H 6y,D,eT YM€Hb

maTbCH Me)J,JleHee, '1€M HapaCTaHHe II0JIH Ha KaTO)J,H0ii, TaK KaK H3-3a MaJioro pacCTOH

HHH Me)K,lzy CJI0HMH llpHMepHo 30 % H0H0B, 3aMhlKaHCb Ha 3JI€KTP0Hbl co CT0p0Hbl aH0)J,a 

(Pnc.27(a)), ycHJIHT 11one B 3Tofi o6nacrn. B proyJihTare Bo3pacraeT cnna, y.n;ep)KHBaIO

~ax 3JI€KTp0Hbl. TopMO)K€HHe 3JI€KTp0H0B C0IIP0B0)K,D,aeTCH )J,H<p<pY3Heii. YMeHbIIl€HHe 

nJIOTH0CTH 3JI€KTp0HHoro CJI0H yMeHbIIIHT II0Jie Me)K,lzy CJI0HMH, 'ITO 1103B0JIHT H0HH0MY 

CJI0IO Ha'laTb 0TpbIBaTbCH OT 3JI€KTp0HH0r0 110,!J, BOO,D,eiiCTBHeM BbIHy)K,D,aIO~efi CHJibl. 

B p€3yJihTaTe B KOJie6JIIO~efiCH CHCTeMe Ha'IHeT llp0HBJIHTbCH BT0paH M0)J,a KOJie6aHHii, 

CBH3aHHaH C 0TH0CHT€JibHblM )J,BH)K€HHeM KOJie6JIIO~HXCH noBepXH0CTeii )J,BOllHOro CJI0H, 

K0T0paH 011pe.n;eJIHT )J,aJibHefiIIIYJO cy)J,b6y pa3BHTHH pa3pH)J,a. 

Bo BHeIIIHeM 3JI€KTPH'l€CK0M II0Jie co6CTBeHHbl€ KOJie6aHHH 3apH)J,0B HM€IOT 3JieK

TpoCTaTH'leCKHfi xapaKTep. ,ll;eiiCTBHH Ha 3JI€KTP0HHYIO II0B€pXH0CTb llp0THB0II0JI0)KH0 

HanpaBJieHHbIX CHJI co CT0p0Hbl aH0)J,a H II0JI0)KHTeJibH0fi II0BepxH0CTH CJI0H coo.n;a

lOT YCJI0BHH )J,JIH nJia3M€HHblX KOJie6aHHfi 3JI€KTP0H0B, TaK KaK JII06oe HX CMe~eHHe B 

llp0,!J,0JibH0M HarrpaBJieHHH llpHB€,!J,eT K II0HBJI€HHIO II0JIH, CTpeMH~eroCH B0CCTaH0BHTb 

Ha'laJibHYJO CTPYKTYPY paCII0JI0)K€HHH 3apH,D,0B. l.J:aCTOTa KOJie6aHHfi npH nJI0TH0CTH 

3JI€KTP0H0B n. = 0, 7n; = 5, 74 • 10
14 

paBHa We= (41rn.e
2/m) 112 = 13,5 -10

11 c 1
• 

Kone6aTeJibHaH CK0p0CTb H aMnJIHTy.n;a CMe~eHHH 3JI€KTp0H0B 6y,D,YT paBHbl u. = 
e Ei/mw. ~ 6, 8·108 cM/c, a.= eEifmw; ~ 5.10-4 CM, r.n;e E1 = 5, 4-10

5
B/cM:-3JieK-
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TpH'I€CK0€ none pa3,D,eJI€HHH 3apH,D,0B Ha )J,JIHHe ao1
, YcKOpeHHe, 11pH06peTaeMOe 3JI€K

TpoH0M npH )J,aHHhlX KOJie6aTeJibHhlX napaMeTpax, C0CTa.BHT X = w;a = 9, 1020 cM/c2• 

l.J:aCTOTa nJia3MeHHblX KOJie6aHHfi H0H0B W; = 27r /; = 5, 46 • 108 c-1 onpe,D,eJIHeTCH H3 

0C~HJIJI0rpaMM Ha Pnc.21. Kone6aTeJibHaH CK0p0CTb n aMIIJIHzy,D,a CMe~eHHH H0H0B, 

no ananorHH C 3Jl€KTponaMH, 6y,D,YT paBHbl: U; ~ 107 CM/c, a; ~ 2. 10-2 CM. 

Pnc.21 IIOOB0JIHeT npoCJie)J,HTb 3a cpa30ii KOJie6aHHii. BH,D,HO, 'ITO 'laCTOTa KOJie6a

HHfi Ha aH0)J,H0M H KaTO)J,H0M CHrnanax C0Bna,n;aIOT. HanpaBJieHHe )J,BH)K€HHH )J,BOfiHoro 

CJI0H onpe,D,eJIHeTCH no noJIHpH0CTH CHPHaJI0B, HH~HpyeMblX 3JI€KTpoH!IblM H H0HHbIM 

CJI0HMH Ha aH0)J,e H KaTO)J,e COOTBeTCTB€HH0. IlpH )J,BH)K€!IHH )J,BOllHOro CJI0H K KaTO,D,y 

aMnJIHTy,D,a KaTO)J,H0ro CHPHaJia HapacTaeT, a )J,JIHTeJibH0CTb aHo)J,Horo cnrnana yKopa

'IHBaeTCH, Ta.K KaK na ero 3a)J,HHfi cppOHT HaKJia)J,bIBaeTCH CHrHaJI, ccpopMHPOBaHHbiii 

OTX0)J,H~HMH OT atto.n;a 3JI€KTP0HaMH (17, 18]. ,ll;BH)K€HHe )J,BOllHOro CJI0H K aH0,D,y OTpa

)KaeTCH Clla,ZJ;0M aMnJIHTY)J,bl CHrHaJI0B Ha aH0)J,e H KaT0)J,€ B 0TpH~aTeJibHYIO o6JiaCTb. 

C yBeJIH'leHneM 11a11pH)K€HHH Ha KaMepe yKopo'leHne ano.n;Horo cnrHana ycnJIHBaeTCH 

3a C'leT yBeJIH'l€HHH aMIIJIHTY)J,bl KOJie6aHHH II0JIHPH30BaHH0ro cryCTKa. 

Pa3JIH'IHe aH0)J,HhlX H KaT0)J,HhlX aMnJIHTY,!J,HbIX cneKTp0B (Pnc.18) Bbl3Bano 3KpaHH

p0BK0fi 3JI€KTp0HHbIM CJI0eM H0H0B OT ano.n;a, a H0HHbIM CJI0eM 3JI€KTp0H0B OT KaT0)J,a. 

KpoMe Toro, na Ha'laJibH0ll CTa,n;HH pa3BHTHH JiaBHHbl 3a BpeMH 0TCYTCTBHH .n;peficpo

B0ro TOKa aH0)J,Hblll CHPHaJI cpopMHPYeTCH ,D,H<p<pY3HOHHbIM T0K0M. Ilpnp~eHHe n0JIH, 

Bbl3BaHH0e CKa'IK0M nOTeH~HaJia B )J,B0UH0M CJI0e (Pnc.25), YCHJIHT BHeIIInee II0Jie B 

HallpaBJieHHH KaT0/4a, a none B HaIIpaBJieHHH K aH0,D,y 3a 3JI€KTpoHHbIM CJI0eM 0CJia-

6HTCH, 9To 1103B0JIHT Ha'laTb )J,BH)K€HHe 3JI€KTpoHaM OT aH0)J,a 110,!J, .n;efiCTBH€M CHJibl 

CBH3H F)],B.C co CTOpoHbI H0HH0ro CJI0H. B P€3YJibTaTe BeJIH'IHHa HH~poBaHH0ro Ha 

aH0)J,e noJI0)KHTeJibH0ro 3apH,D,a na'IHeT YM€HbIIIaTbCH H, B HTore, yMeHbIIIHTCH CYMMap

Hblll aH0)J,Hblll 3apH)J,. IIpn6JIH)K€HHe H0HH0fi II0B€pXH0CTH K KaTO.n;y H~pyeT Ha 

H€M Ha 30% 60JibIIIe OTpH~aTeJibH0ro 3apH,D,a 110 cpaBHeHHIO C 3apH,D,0M, HaBe)J,eHHbIM 

3JieKTp0HaMH Ha atto.n;e (30% "6b1CTpbIX" 3JieKTp0H0B YIIIJIH Ha aHo.n;). Bonee 6bICTpblfi 

poCT CHPHaJI0B Ha KaTO)J,e 110 cpaBH€HHIO C aH0)J,HblMH CHrHaJiaMH 110,!J,TBep)K,D,a.eTCH aM

nnHTy)J,HbIMH Cll€KTpaMH, H3MepeHHbIMH Ha atto.n;e H KaT0)J,e npn HanpH)K€HHH 3, 8 KB 

(Pnc.20). ·OTHOIIIeHHe Cpe,D,HHX aMnJIHTy,D, aH0)J,HhlX n KaTO)J,HhlX CHrHaJI0B COCTaBJIHeT 

1.5. B nponop~0HaJibH0M pe)KHM€ )J,aHH0e OTH0III€HHe 6oJibIIIe 3. 

MoHhI, )J,BHI'aHCb C KOJie6aTeJibHOfi CK0p0CTb!O ~ 107 CM/c, CM€CTHTCH K KaTO,D,y Ha 

BeJIH'IHHY aMIIJIHzy,!J,bI t:i.x ~ 2 • 10-2 CM {Pnc.27{b)). CMe~eHHe nonoB noHH3HT eM

K0CTb n0JIHpH30BaHHoro cryCTKa npH H€H3M€HH0M 3apH,D,e Ha ero "IIJiaCTHHax''. Pa3-

HOCTb noTeH~aJI0B M€)K,lzy CJI0HMH YBeJIH'IHTCH B f::i.x/ao1 ~ 100 pa3. Pa60Ta, CO

BepIIIaeMaH HCTO'IHHK0M npOTHB 3JI€KTpH'l€CKHX CHJI llpH 11epeMe~eHHH H0H0B Ha Be-
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JIH'IHHY ~x, ~eJIHK0M nott,n;e-r Ha npnp~eHne :mepnm noJlll "KoH,ll;eHcaropa" H panHa 

4, 2. 1011 sB. IlonyqeHHaJI BeJIH'IHHa 3anaceHH0H B AJJ0iiH0M CJioe aJieKTpOCTaTif'ICCKOii 

aHeprnn xopomo cornacyeTCTI c proyJihTaT0M pa60Tbl11 • 

3a BpeMH 3a,n;ep:lKKll aJieKTp0HH0ro CJI0H, B pe3yJihTaTe AH<P<PY3HH aJieKTp0H0B, 

IIJIOTHOCTh ero YMCHhIDHTCll /1,0 ne ~ 3.7.1014 CM-3 H pa3H0CTh IlOTCH~aJIOB Me.l!C

/J.Y CJI0HMH yna,n;e-r /1,0 ~<p2 ~ 77.5 B. IlosroMy c pa3l1,eJieHneM 3apH/J.0B, Ha BeJIH'IHHY 

~x, none MC.l!C/J.Y 3apHl1,0BhIMH CJI0HMH nocne BblTeCHCHHH H3 l1,aHH0ii o6JiaCTH BHCIDHero 

non.11 CTaHeT paBHhIM E1 = l.5 • 105 B / CM. II one E1 npaKTH'IecKH conna,n;ae-r c proyJihTH

pyro~M Il0JieM co CT0p0Hhl aH0/J,a E1 ~ 1, 57,105 B/cM, HO MCHbIDe pe3yJihTHpyro~ero 

noJlll co cropoHhl KaTO/J.a Et = 3 • 105 B / cM. 

Ilo/1, /1,CHCTBHCM CBH3hIBaIO~ett CHJihI Me.l!C/J.Y CJI0HMH aJieKTp0HHhiii CJIOii B M0MCHT, 

K0rll,a BeKTOp KOJie6aTeJihHOH CK0p0CTH 3JICKTP0H0B 6yl1,eT HanpanJieH K KaT0/J.Y, Ha'IHeT 

ycKopeHH0e AJlll.l!CCHHe K H0HH0MY CJI0IO. Ilpnp~eHHe 3HeprHH, noJiy'IeHHOii OT HCTO'I

HHKa, 6yl1,eT TpaTHThCH Il0JieM Ha 3HepreTH'IecKyro Il0/J,IlllTKY SJieKTp0H0B. ConpoBO.l!C

ll,aIO~eeCH H0Hll3~Heii AJJH.l!CeHHe aJieKTp0HH0ro CJI0H, Pall,HYC0M R.o = 1, 2. 10-
2 

CM, 

npHBC/1,eT K pe3K0MY poCTy TOKa (oCJia6JieHHOro /J,0 ST0ro M0MCHTa CHJibHhIM. noJieM 

AJJ0iiH0ro CJIOH), KOTOpblii M0.l!CH0 0THCCTH K T0KY npopacraro~ero CTpHMepa H KO

rophlit npnBell,eT K CKa'IKY aMITJIHTY/J,hl (Pnc.19(a)). B X0/J,e pa3BHTHH JiaBHHhl nepe/1, 

aH0/J,0M o6pa3yeTCH HOHHhIH CJIOii C pa,n;nycoM, paBHbIM R.o- B Pe3YJihTaTe pa3BHBa

IO~HiiCH pa3pH/J,Hhiii KaHaJI Ha CTapronott cpa3e 6yl1,eT C0CT0HTb ll3 Tpex 3apH/J,0BhIX 

CJI0eB - 3JieKTpoHH0ro CJI0H, pacn0JI0.l!CCHH0ro MC.l!C/J.Y H0BblM H0HHblM CJI0eM, H H0H

HhIM CJI0eM, CMC~aIO~HMCH K KaT0/J.Y. O6pa3oBaBmaJICH CTPYKTYPa CTaHeT HCX0ll,H0ii 

/1,JIH npopacTaHHH H0HH30BaHH0ro KaHaJia B HanpaBJICHHH KaK KaT0/J,a, TaK H aH0/J,a, 

PoJih 3aTpaB0'IHhIX 3JICKTpoH0B, OT KOTOpbIX Ha'IHeTCTI npopaCTaHHe H0Hll30BaHH0ro 

KaHaJia K KaT0/J.Y, BhIIl0JIHHIOT 6bICTphle SJICKTpoHhl, o6pa30BaBmHeCH npn C00/1,aHHH 

cpell,Hero aJieKTP0HH0ro CJI0H. IlpHMepHO n, ::; 4, 5. 107 SJieKTP0H0B, T.e. 30 %, /J,BHra

HCh B HanpaBJieHHH KaT0/1,a K CJI0IO H0H0B co CK0p0CThIO 5. 108 CM/c (npH YCK0peHHH 

9 • 102° CM/c
2 

/J,aHHaJI CK0p0CTh /J,0CTHIBeTCH 3a npeMH t ~ 5, 6 • 10-
13 

C ), o6pa3yIOT 

HOBhlii AJJOiiHott CJIOii C 'IHCJI0M SJICKTp0H0B ~ 1, 5 • 108 Ha /1,JIHHe ~ 5 • 10-
4 

CM. BhICT

pbie SJieKTpoHhl H0Boro CJI0H n K0JIH'ICCTBe nt, n CB0IO oqepell,b, o6pa3yrOT CJIC/J,YIO~Hii: 

AJJ0iiHoii CJI0tt H TaK /1,aJiee. 

lloHHhlii CJioii, o6pa30BaBIDHiiCH nepe/J, aH0/J,0M, C03/J,aCT B ~eHTpe TH.l!CeCTH Il0JIO

.l!CllTeJihH0ro 3apHl1,a CKa'I0K nOTeH~ana ~ + 150 B, KOTOphlii nepepacnpell,eJillT Il0TeH

~aJI MC.l!C/J.Y CJI0CM H aH0/1,0M, B HTOre Il0HBllTCll CllJia Fxc (19), /1,eHCTBYJO~aH Ha 

AJJ0iiHoii 3apHl1,0Bhlll CJI0tt B HanpanneHHH K aH0/J.Y, ,ll;aJibHeiimee pa3BHTHe H0HH30BaH-

11 Pe-rep r. 9JieKTJ)OHHhle JI8JIHHhl n npo6olt B ra3ax, M.: Mnp, 1968. 
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H0rD KaHaJia aHanorH'IH0 KaT0ll,H0My HanpaBJieHHIO, 

IlpopacTaHHe H0HH30BaHH0ro KaHaJia B BHll,e AJJ0iiHhIX 3apH/J,0BhIX CJI0eB C II0CTo

HHHhIM /J,HaMeTp0M 6yl1,eT np0/1,0JI.l!CaThCH, II0Ka OH He /J,0CTHrHeT /1,BH.l!Cy~eroCH H0HHO

ro. CJI0H. B o6pa30BanmeiiCH KOHq>Hrypa~HH C 'Iepe/J.YIO~HMHCH 3apH/J,0BhIMH CJI0HMH 

B03HHKaeT oco6eHHOCTh, CBH3aHHa.H C YCT0H'IHB0CThIO CHCTeMbI. PaccMOTPHM TPH qe

pel1.YJO~CH CJI0H, pacn0JI0.l!CeHHhIX BHYTPH H0HH30BaHH0ro KaHaJia (Pnc.28-1). 3apH/J, 

6JIH.l!Caiimero K aH0/J.Y H0HH0ro CJI0H o6o3Ha'IHM qt' SJieKTp0HH0ro CJI0H - q:;' a BTOporo 

CJI0H H0H0B - qt. IlpnqeM 3ap.H/J, aJieKTp0HH0ro CJI0H, Hax0ll,H~eroCH Me.l!C/J.Y H0HHhIMH 

CJI0HMH, paBeH 0, 7 • jqt I H qt = qt. TaKaH cncreMa o6na,n;ae-r HeyCToii'IHBhIM pan

H0BecneM, K0Topoe peanH3YeTCH npH paBeHCTBe HYJIIO CYMMbl CHJI, ll,eHCTBYJO~HX Ha 

Ka,K/J,hlll H3 3apH/J,0BhIX CJI0eB: 

Fi=: F2; F13 = F1; F2 = F13, (21) 

rll,e Fi - CHJia B3aHM0l1,eiiCTBHH 3apH/J,0B qt H q:;; F2- CHJia B3aHM0l1,eiiCTBHH 3ap.Hl1,0B 

q:; H qt; F13- CHJia B3aHMOl1,eHCTBlrn 3apHl1,0B qt H qt: 
lq-+ 1 ++ 

F2 = F13 = -- ...1..!!!. _ Qi Q3 
- + Q2 ql 

(22) 41rco x~ - 41rco ~; 2= J?' 
X2 u-

ThK KaK jq2 I = 0, 7 ·qt, TO x2 = 0, 836 d, a x1 = 0, 164 d, rll,e d-pacCTOHHHe Me.l!C/J.Y 

2--1+11(_\ ,l'0 0 0 0 0-:. _________ tf lL 
W,J/ _200 VJ/ 
VA'!\ 

3--l+JG---AG---llf}-------
- d V._ <L V 600_ _ 

Puc. 28: CxeMaTH'IecKaH CTpyKcypa HOHH30BRHHO-

ro KaaaJia: 1-K pacqecy pa»HOBeCHH 3apHAOBOii CH-

CTeMhI; 2-HOHH30BRHHhiii KRHaJI IIOCJie ero 3anepme

HHH; 3-HOHH30BRHHhiii KaaaJI IIOCJie yCTRHOBJieHHH 

AHH!lMH'IeCKOI'O paBHOBeCHH, PacCTOHHHH IIpHBeAe-

HhI B MHKpoHax 

H0HHhIMH CJI0HMH. PacCTOHHHe X1 

Me.l!C/J,Y ~eHTpaMH TH.l!CeCTH 3apH

/J,0B qt H q:; yCTaHaBJIHBaeTCH 

B npo~ecce pa3BHTHH JiaBHHhl pan

HhIM ~ 5.10-4 CM (Pnc.28-1). (IIIH-

PHHa aJieKTpoHHoro CJI0H paBHa.H 

~ 3 • 10-4 CM H ll,JIHHa H0HH3~H 

a-1 ~ 2-10-4 cM, cM. HH.l!Ce). Cne

/J.0BaTeJihHo, d ~ 30 • 10-4 CM, a 

X2 ~ 25 • 10-4 CM. Ecnn 3ap.Hl1, q:; 
npn6JIH3HTCH K 3apH/J,Y qt ' TO CH

Jia npHTH.l!CeHHH Me.l!C/J,Y HHMH npe

BhICHT CHJIY 0TTaJIKHBaHHH CO CTo

p0HbI 3ap.Hl1,a qt H paBH0Becne Ha

pymHTCH. 3apHl1,hl qt n q:; C0MKHyr

CH, a 3apHl1, qt Ha'IHeT /J,BHIBTbCH 

K KaTO/J.Y. TaK KaK CJieBa OT TpexCJIOHHOH CHCTeMbl HMeIOTCll qepe/1,yro~HeCH CJI0H 

(Pnc.28-1), TO 0HH 6yl1,YT npeIIHTCTB0BaTh c6JIH.l!CeHHIO 3apH/J,0B q:; H qt H YCHJIHBaTh 
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! 

OTl'8JIKllBaIO~ee ,n;eiiCTBHe 3apH,n;a qt. Ho Ka.K TOJibKO 3apH,n; qt y,n;MHT<:8 OT 3JieKTPOH

HOI'O CJIOH Ha pacCTOHHHe X2, TO BblIIOJIHHTC8 YCJIOBHe {21} HOH OCTaHOBHT<:8, Ilpu 

A,B A,B A,B 

0.04 L::JL~J::·=; i::1 0.08 - 0.04 

0.04 

000 -t~· .. ·r· ···---t-.:·:··1ti'iiiJ i't1rfJ ·t·· ·······! ··-- ; --···· 0.00 

0.00 t ..... ! . ·····t--····· 
-~--- .. ·:·j••······· -~---•···••· =1r•+- -0.04 L ..l , .. -0.04 

----••· -······--···········--·----
····-- (········- !- . + ... 

-0.08 

. 08 · · i--··· +·· J ..... l:,l ...... : ... -1 -0.08 

-0.12 

-0.12 -0.16 t 1---·-··1 -0.12 

0 100 200 0 200 (} 100 200 

T,HC T,HC T,HC_ 

Puc. 29: Oc~JJJJOrpllMMhl CHrHaJJ0B c K0HTP0JJLHhIX npoB0JJ0K (uepXHne) u c auo~a (HH}K

HHe) npu uanonueuuu KllMephl ra:30Boii cMecLIO B0%CF4 + 19.88%C4H10 + 0, 12%Hg. 

3TOM pa3HOCTb IIOTeHI.\HaJIOB Me)K)zy CJIOHMH q-;; H qt YBeJIHqHT<:8 ,n;o llcp2(x2/x1) ~ 

5llcp2 ~ 360 B H IIOJie Me)K)zy 3apH,ll;aMH q-;; H qt CTaHeT paBHblM IIOJilO Me)K)zy 3apH

,ll;aMH Qi H q-;; . .[viH BblIIOJIHeHHH yCJIOBHH paBHOBeC~H B Ka.Hane Heo6xO,n;HMO, qTo6bl 

yCTaHOBHJIHCb paCCTOHHHH, paBHble 3HaqeHHHM X1 H X2 (Puc.28-1). 

Ee.nu paCCTOHHHe Me)K)zy O,ll;HOHMeHHbIMH 3apH,ll;OBbIMH CJIOHMH B rrpopacTa10~eM 

KaHane paBHOe 2 X1 ~ 10 . 10-4 CM, IIpHHHTb 3a mar JlaBHH, TO Ha ,ll;JIHHe CMe~eHHH 

HOHHOI'O CJI0H, PaBHOii aMnJIHTy,n;e HOHHblX KOJie6aHHii a; ~ 2 • 10-2 CM ' ,ll;OJI)KHO o6pa-

30BaThCH 20 ,n;BOiiHbIX CJIOeB (Puc.28-2}. 

Ilpopacnume Ka.Hana 6y,n;eT conpoBoJK,n;aThrn ycraHOBJieHHeM pacCTOHHHii x 1 H x 2 . 

B Pe3YJibTaTe ,ll;JIHHa KaHana B03paCTeT ,n;o Leh = 20 • d ~ 0, 06 CM. EcJIH paccroH

Hue Me)K)zy O,n;HOHMeHHblMH CJIOHMH paBHO ",n;HHaMuqecKott noCTOHHHOii: <f' (PHc.28 -

1 H 3}, TO 3JieKTpHqecKoe none BH)'TpH KaJK,ll;OI'O ,n;BOii:Horo CJIOH paBHO CJMMe noJieii, 

C03,ll;aHHblX no OT,ll;eJibHOCTH 3JieKTpOHHblMH H HOHHbIMH 3apH,n;aMH. B CTaTuqecKOM co

CTOHHHH none B o6JiaCTH pacnOJI0:11<:eHHH 3JieKTpOHHblX CJIOeB ,ll;OJI:11<:HO 6b1Tb paBHO Hy

JllO (Puc.28-1}. O,n;HaKO H3-3a ,n;Hq>q>Y3HH, CTOJIKHOBeHHii C MOJieKyJiaMH H HOHH3aIJ,lllf 

BHJTpH CJIOH 3JieKTpOHHhlii 3apH,n; no,n;Bep:11<:eH noCTOHHHOMY H3MeHeHH10 BO BpeMeHH, 

CMe~eHue 3JieKTpOHOB B p~MbHOM HarrpaBJieHHH CHJibHO orpaHHqeHO noJieM HOH0B 

(17}, n03TOMY ace BOOMy~eHHH 6y,n;yT npoTeKa.Tb rJiaBHbIM o6pa30M B HanpaBJieHHH no

JIH Me)K)zy CJIOHMH [19]. TaK KaK BOOMy~eHHH B03HHKalOT q>JiyKTyaI.µIOHHbIM o6pa30M, 

TO B Ka.Hane noHBHTrn H3MeHH10~eecH _BO BpeMeHH 3JieKTpHqecKoe none. Bnaro,n;apH 

,ll;aHHOMY nOJilO o6ecneqHBaeT<:8 CBH3b Me)K)zy CJIOHMH H B03HHKalO~He B HHX JI106hre 
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JI0KMhHble H3MeHeHHH MrHOBeHHO rrepe,n;a10= no ,ll;JIHHe KaHana. 9To CB0iiCTBO 3apH

,ll;OBOii CHCTeMhl, a TaK:11<:e HeH3MeHHOCTb pacCTOHHHtt Me)K)zy HOHHhlMH CJIOHMH H3-3a HX 

HHepD;HOHH09'H BbIHJJK,n;aIOT 3Jie~TP0HHble CJIOH HaxO,n;HTbc:8 B ,ll;HHaMHqecKOM 

_______ .l_ 

--------
' 

COCTOHHHH B6JIH3H CBOero paBHOBeCHH. 

Ilo3TOMY ,ll;JIH coxpaHeHHH ycrofiqHBOCTH 

:- - - .. - - - KaHaJia 3JieKTpOHHble CJIOH no,n; BJIHHHH-

I 

I 
I 

eM H3MeHH10~erorn 3JieKTpHqecKOI'O no

JIH 6y,n;yT Haxo,n;HTbc:8 a KBa3HKOJie6aTeJib-

.. - - - - - - .... -,- - .......... HOM ,ll;BH:11<:eHHH C nepeMeHHbIMH nepHO-

,ll;OM H aMnJIHTy,n;ott. To, qTo 3JieKTPOHbI 

Haxo,n;HTrn a KBa3HKOJie6aTeJibHOM ,ll;BH

:11<:eHHH C MeHHlO~eiiCH aMnJIHTy,n;ott H qa

Puc. 30: lfJJJJIOCTpllIJ;mI xap~Tepa n0Be~eum1 CTOTott, BH,ll;HO Ha OCD;HJIJIOrpaMMax 

sneKTpouublx cnoeu a uo11u3oaau110M Kauane. PHc.29 (oco6eHHo Ha Puc.29-1). Ilepe-

xo,n; nJia3MeHHOI'O pe:11<:HMa B CTpHMepHbrtt, npH KOTOpOM cpopMupyeTCH HOHH30BaHHbiil: 

Ka.HM, COCTOH~Hii H3 ,ll;BOiiHblX 3apH,n;OBbIX CJIOeB, conpOBOJK,n;aeTrn HaJI0:11<:eHHeM Ha 

ero TOKOBhiii CHrHaJI BbICOKoqacTOTHbIX KOJie6aHHtt 3JieKTpOHOB. B TO BpeMH KaK Ha 

qaCTH HMnyJibca, COOTBeTCTBYID~ett nJia3MeHHOMy pe:11<:HMY, HaJI0:11<:eHHH OTC)'TCTBJlOT. 

Ha Puc.30 npe,n;CTaBJieH cpparMeHT HH:11<:Hett OCD;HJIJIOrpaMMbI PHc.29-1, KOTOpbrii ,n;eMOH

CTPHPYeT xapaKTep noBe,n;eHHH 3JieKTpOHHblX CJIOeB B KaHane. Ilpou;ecc CTaHOBJieHHH 

,ll;HHaMuqecKOI'O paBHOBeCHH Me)K)zy TpeMH CJIOHMH (PHc.28-1} npOHCXO,ll;HT 3a· BpeMH 

t; = x2/v; ~ 8. 10-10
c IIPH CK0pOCTH HOHOB V; ~ 7,2 -106 cM/c (cKOpOCTb ycTaHaBJIH

BaeTrn no,n; ,n;eiiCTBHeM HMnJJibCa CHJibI OTTMKHBaHHH [19]}. 9To BpeMH c~eCTBeHHO 

npeBbIIIIaeT BpeMH npopaCTaHHH KaHana Ha ,ll;JIHHY ero pa,n;eyca, T.e. 

flo/v, = 2, 4 · 10-11 c npu v, = 5 • 108 cM/c. 

OTMeTHM, qTQ npHBe,n;eHHhiii BblIIIe MeXaHH3M npopaCTaHHH HOHH30BaHHOI'O Ka.Ha

na, HeCMOTpH Ha HeKOTOpbre OTJIHqHH, BO MHOrOM aHMOruqeH MeXaHH3MY, KOTOpbrtt 

paccMaTPHBaeT<:8 B MOHorpaq>uH
12 

H OCHOBaH Ha pacnpocrpaHeHHH BOJIHbl HOHH3atµIH 

C oqeHb MaJibIM nonepeqHblM pa3MepoM, cpaBHIIMbIM C IIIHPHHOii ee cppoHTa. Ilepexo,n; 

HOHH30BaHHOI'O Ka.Hana B COCTOHHHe "paBHOBecmr" ,ll;OJI:11<:eH conpOBOJK,n;aTbCH HHTeHCHB

HbIM nepHO,n;HqeCKHM H3JiyqeHHeM B BH,ll;HMOii o6JiaCTH, BbI3BaHHbIM B nJIOTHhIX 3apH

,ll;OBbIX CJIOHX CTOJIKHOBeHHHMH 3JieKTpoHOB H HOHOB C MOJieKyJiaMII ra3a. Ilo,n;o6Hhiii 

npou;ecc 3KcnepuMeHTMhHO Ha6JI10,n;anrn B pa60Te13• IlpuMepHy10 crpyKTYPY ycraHo

BHBIIIerorn HOHH30BaHHOI'O KaHaJia M0:11<:HO npe,n;craBHTb, KaK nOKa3aHO Ha PHc.28-3. 

12B!13en,ru 9.M., Palbep IO.II. HcKpoBoit pa3p,r,n;. M.: M<f>TH, 1997. 
13

OMapou O.A., Pyxa,zr;3e A.A. )KT<f>. 1980. T. 50, Bhln. 3, c.536--539. 
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B TaKott CHCTeMe 6naro.n;apH KynoHOBCKOMY B3aHMO,D;ettCTBHIO Me:lK,lzy pa3HOHMeHHbIMH 

3apH,D;OBbIMH CJIOHMH .n;omfrna rrpom:XO,!l;HTb rrepeKa'IKa 3HeprHH OT "Kone6nrom;nxCH" 

sneKTpOHOB K HOHaM co CKOpoCTbIO de/dt ~ 104 sB/c. 9TOT rrpou;ecc .n;on:lKeH IIOBhl

CHTb TeMIIepaTYPY HOHH30BaHHOro KaHaJia H rrpHBeCTH K pacKa'!Ke HOHHhIX Kone6aHHtt. 

,[vrn rrepeKa'IKH HOHaM 3Hepmn IIOPH,!l;Ka 0,5 sB IIOTpe6yeTCH ~ 6 . 10-5 C nnn 3 • 104 

rrepHO,!l;OB, eCJIH rrpHHHTb T ~ 2 • 10-9 C'. 

qepe.n;yrom;neCH ,!l;BOfiHhle CJIOH MO:lKHO rrpe,!l;CTaBHTb KaK IIOCJie,n;oBaTeJibHO BKJIIO

'IeHHble KOH,!l;eHCaTopbI, Ha Ka:lK,!l;OM H3 KOTOpbIX IIOO'Iepe,n;HO yCTaHaBJIHBaeTCH pa.3-

H0CTb rroTeHu;naJioB, paBHaH !:,,cp2 nnn 5 • !:,,cp2 (Pnc.28-3). Pa3HOCTb rroTeHD;HaJIOB Ha 

,!l;JIHHe KaHaJia 6y.n;eT paBHa !:,,'112k-I = k!:,,cp2 + (k - 1)5 • !:,,cp2 , r.n;e k - iinCJio ,!l;BOfiHhIX 

CJIOeB, !:,,cp2 = 77.5B. Ilpn k ~ 20, !:,,'1120 ~ 8900B. OTcro.n;a CJie.n;yeT, 'ITO COBMeCTHbie 

.n;ettCTBHH HOHHOro 3apx.n;a aBaHrap.n;Horo CJIOH H pacrrpe.n;eneHHoro IIOTeHD;HaJia B,!l;Onb 

HOHH30BaHHOro KaHaJia C03,!l;aIOT YCJIOBHH .n;nH HOHH3au;nn rrpn rrpopaCTaHHH KaHaJia B 

06nacTb CJia6oro BHeIIrnero rronH. 9KcrrepnMeHTaJibHhIM IIO,!l;TBep)K,!l;eHneM 3TOMY MO)KeT 

CJIY:lKHTb pa6om 14, B KOTOpott noKa3aHO, 'ITO ~ 90 % HOHH30BaHHOro KaHaJia rrpopac

TaeT B none< 8KB/cM. 

PoCT nonO:lKHTenbHOro noTeHD;HaJia B o6naCTH HOBOro aBaHrap,D;Horo HOHHOro CJIOH, 

KOTOpbitt yJKe MO:lKHO Ha3BaTb ronoBKOtt CTpHMepa, o6ecrre_'IHT nepe.n; HHM CHnbHOe sneK

TpHqecKoe none. B MOHorpaqmn 9.M. Ba3enHHa H IO.II. Patt3epa (cM. CHOCKY 12) OTMe

'IaeTCH, qro npn Y,!l;JIHHeHHH HOHH30BaHHOro KaHaJia Ha 0Tpe30K, paBHblil: HeCKOnbKHM 

pa,n;nycaM ronoBKH, none, co3,11;aBaeMoe y ronoBKH 3apx.n;aMn KaHaJia, a TaK:lKe pa,11;Hyc 

caMoil: ronoBKH npaKTnqecKH He MeHHIOTCH. 9To MO:lKHO o6'bHCHHTb TeM, qTo aBattrap.n;

Hhltt HOHHbiil: CJIOtt noCJie pa3BaJia [19] 3aMeHHeTCH HOBblM HOHHbIM CJI0eM. Ha BH0Bb 

o6pa3oBaHHYIO ronOBKY CTPHMepa CHOBa .n;ettCTByeT cnna (19), HarrpaBneHHaH K KaTO,!l;Y, 

H BCe npou;eccbl, cpopMHpy1om;ne cne.n;yrom;ntt yqaCT0K KaHaJia, II0BTOpHIOTCH. 9TO XO

pomo BH,!l;H0 Ha ocu;nnnorpaMMe 3 Pnc.29. IloCJie rrepBoro STana npopaCTaHHH KaHana 

CJie.n;yeT BTopott, MeXaHH3M K0T0poro rronH0CTbIO H,!l;eHTHqeH nepBoMy. 

BbICTpoe cpopMHpOBaHHe CTpHMepa co CK0pOCTbIO ~ 5 • 108 CM/ C 3aBepmaeTCH 0CTa

HOBK0tt pa3BHTHH KaHaJia Ha 1, 5 - 2 HC, He06XO,!l;HMbIX ,!l;JIH 0TXo.n;a H0HHOro CJI0H K 

KaTO,!l;Y, '!To6hl o6ecneqnTb SHepreTnqecKHe H noneBhle YCJIOBHH ,!l;JIH C03,!l;aHHH CJie.n;y

rom;ero 3BeHa H0HH30BaHHOro KaHaJia. 

. Cuna, y.n;ep:lKHBarom;aH IIOCJie,D;HHtt sneKTP0HHhltt CJI0tt co CTOpOHbl KaHaJia, B03pac

TaeT nponopu;noHaJibHO 'IHCJIY ,!l;BOilHbIX CJioeB, T,e. k!:,,cp, qro yBennqnBaeT 3a,n;ep:lKKY 

sneKTp0H0B. 9To no3BOnHeT HOHH0MY CJI0IO no.n; .n;ettCTBHeM BhIHY)K,!l;aIOm;ett CHnbI H 

HMIIynbCa CHnbI OTTaJIKHBaHHH OT HOH0B KaHaJia CMecTHTbCH Ha 6onbmee paCCT0HHHe 

14Atac M, et al.. Fermilab Report FN-348. 1981. 
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C 6onbmett CK0POCTbIO H .n;aeT B03M0:lKHOCTb npopaCTH KaHaJIY Ha 6onbillYIO ',!l;JIHHY, 

qeM Ha nepB0M 3Tarre. B proynbTaTe HaqHeT yBennqnBaTbCH CK0POCTb rrpopacTaHHH 

HOHH30BaHHOro KaHaJia. HarrpHMep, CK0poCTb rrpopacTaHHH KaHaJia Ha nepB0M 3Tarre, 

c yqeTOM y.n;nnHeHHH KaHaJia H H3MeHeHHH CKOP0CTH aBaHrap.n;Horo CJI0H H0H0B, paB

Ha Lch/t; ~ 7, 5. 107 CM/c, (t; ~ 8. 10-10 C H onpe.n;enHeTCH BbIHY)K,!l;aIOm;ett cnnott H 

HMIIynbC0M 0TTaJIKHBaHHH OT HOH0B KaHaJia). 

Ha OCHOBaHHH H3JIO:lKeHH0ro, paccM0TpHM ocu;nnnorpaMMhl Ha Pnc.29. Pnc.29-1 nn

nroCTpnpyeT nepBbiil: 3Tan npopaCTaHHH KaHaJia. JiHcpopMau;HH 06 3T0M co.n;ep:lKHTCH B 

aHO,!l;H0M CHrHaJie H rrpOHBnHeTCH B H3MeHeHHH ero 3a,D;Hero cppOHTa, Bbl3BaHH0M HaJIO

:lKeHHeM Ha Hero HH.n;yD;HpOBaHH0ro CHrHaJia OT HapacTarom;ero 'IHCJia ,!l;B0il:HbIX CJI0eB B 

KaHaJie, KOTOpbiil: npopaCTaeT K KaTO,!l;Y, Pnc.29-2 nnnroCTpHpyeT CHTyau;nro, Kor.n;a Ha

pacTaHHe H0H0B B KaHaJie Htt.n;yu;npyeT 3apH,!1;bl He TOnhK0 Ha aHo.n;e, HO H Ha K0HTp0nh

HbIX npoBonoKax: qeTK0 BH,D;eH npocpnnh BOnHbl H0HH3au;nn, np0HHTerpnpoBaHHbltt no 

BCeM CJI0HM o6pa30BaHHOro yqaCTKa KaHaJia. BpeMeHHbie xapaKTepHCTHKH aH0,!l;H0ro 

cnrHaJia B TQqHQCTH noBT0pHIOT rrpoq>Hnb B0nHhl HOHH3all;HH. Ha Pnc.29-3 IIOKa3aHO 

o6paaoBaHHe ,!l;BYX H0HH30BaHHhIX KaHaJIOB. BepXHHH ocu;nnnorpaMMa 0Tpa:lKaeT pa.3-

H0CTb noTeHD;HaJIOB, B03HHKIDYIO Ha ,!l;Byx ,!l;B0il:HbIX CJIOHX. To, 'ITO H3 o6pa30BaBIDHXCH 

,!l;BOil:HbIX CJI0eB cpopMHpyIOTCH CTpHMepbI, BH,!l;HO Ha HH:lKHett ocu;nnnorpaMMe. 

lfa paccM0TpeHott Bblille CTPYKTypbI H0HH30BaHH0ro KaHaJia H npou;eccoB, rrpoTe

KaIOIIl;HX BHYTPH Hero, BbITeKaeT, qTo, eCJIH no KaKHM-TO "BHeillHHM" npH'IHHaM KaHaJI 

3aMKHeTCH caM Ha ce6H, TO o6pa3oBaBIDHil:CH He.liTpaJibHbitt H0HH30BaHHbI.li KaHaJI ne

pe.li.n;eT B ycToil:qnBoe coCTOHHHe KaK BO BHemHeM none, TaK n 6e3 Hero. 9Ta oco6eH

H0CTh no3B0nHeT 3KcnepnMeHTaJibH0 rrpoBepHTb npe.n;no:lKeHHyIO M0,n;enh q>OpMnpoBa

HHH CTpHMepa H H0HH30BaHH0ro KaHaJia B u;enoM. 

Ilo,n;BO,!l;H HT0rH 3KCnepHMeHTaJibH0ro nccne.n;oBaHHH pa3BHTHH sneKTP0HH0H naBH

Hbl B npoBonoqHbIX KaMepax B pe:lKHMe 6onbmoro ra30Boro ycnneHHH, M0:lKHO JTBep

)K,!l;aTb cne.n;yrom;ee: ,!l;JIH cpopMHpoBaHHH B sneKTpOHHOtt naBHHe ,!l;BOfiHoro 3apH,11;0B0ro 

cnoH H np0HBneHHH <pH3HqecKHX rrpou;eccoB, o6ecneqHBaIOm;Hx nepexo.n; sneKTp0HH0il: 

naBHHbI B CTPHMep, Heo6xo,!l;HMO BhIIIOnHeHne YCJI0BHH (9), T.e. B o6'beMe naBHHhl, paB

H0M a-3 CM3,-'IHCJIO sneKTp0H0B Ne .n;on:lKHo 6hITb ~ Ncr; Ilpn BhlnonHeHHH YCJIOBHH (9) 

,!l;JIH nepexo.n;a naBHHbl B CTPHMep ,!l;OCTaToqHo, qT06bl sneKTpnqecKoe none, C03,!l;aHH0e 

3apH,D;aMH BHYTPH ,!l;BOfiHoro CJI0H E.n;B.CJI.' 6hIJIO cpaBHHMO C proynhTHpyrom;HM noneM 

e-;- Haxo,D;Hm;eroCH Henocpe,!l;CTBeHH0 3a sneKTP0HHhIM CJI0eM, H MeHhme proynhTHpyro

m;ero rronH Et - 3a HOHHbIM CJI0eM (cM. (16-18)). 

Ha Pnc.20(a),(6) BH,!l;HO, KOne6aHHH 3apH,!l;OBOtt CHCTeMbI B nepB0H M0,!l;e Ha6n10.n;a

lOTCH B mHpOKOM .n;nana30He HanpH:lKeHnfi, qTO n03BOnHeT paccMaTpHBaTb .n;aHHYIO 06-
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nacrh KaK np0llBneHHe nna3MeHH0I'O pe:lKHMa, npe~eCTBYIO~ero CTPHMepHoMy [8, 17, 

19]. ,lLnH peanH3aIJ,HH nna3MeHHoro pe:lKHMa Heo6xo~Mo, qTo6bI none, CBll3hl~aro~ee 

3ap.!I,Zl;0Bhre noBepxH0CTH roioiiHoro cnoH (17), npeBocxo,n;Hno none 3a ero npe,n;enaMH, 

T.e. Eroi.cn. > E1, Eroi.cn. > Et (cM. (16) H (18)). CMe~eHHe nonllpH3oBaHHO

ro crycrKa 3ap.!J,Zl;0B K KaTO,n;y C Kone6aTenhHOii CKOpoCTbIO U; ~ 107 cM/c H 6b1crpoe 

3azyxaHHe C0BMeCTHb!X Kone6aHHii B TeqeHHe ~ 10 - 80HC (PHc.20(a),(6) H PHc.21) 

n03BOnllIOT ,ll;0CTHraTh CK0POCTH cqeTa OT 108 c-1CM-2 ,n;o 5. 105 c-1cM-2 npH YBeJIH'Ie

HHH ra30B0I'O ycHneHHll OT 3-104 ,n;o 3-107• IlpH cpaBHHMbIX TOKOBbIX xapaKTepHCTHKax 

:3Ta BeJIHqHHa 6onee qeM Ha roia nop.!I,Zl;Ka npeBhIIliaeT CK0p0CTb cqeTa B caM0raCH~eMCH 

CTpHMepH0M pe:lKHMe. ,lLnll pa60Thl B nna3MeHH0M pe:lKHMe Heo6xo~MO Hcnonb30BaTh 

ra3oByro CMeCh C BbICOKOii nnoTH0CTbIO H0HH3aIJ,HH (KpHTepHii (9)). Pa6oqHfi ,n;Hana30H 

nJia3MeHHoro pe:lKHMa 3aBHCHT OT K0HD;eHTpaIJ,HH ::ineKTp0OTpHD;aTenhHb!X npHMeceii B 

pa6oqeM ra3e. B KaqeCTBe TaKHX ,n;o6aBOK MOryT 6hlTb HCnonb30BaHhl cppeoH 12 HnH 13, 

paCTBOpbI ranoreH0B iio,n;a HnH xnopa H, HaKOHen;, HaCbI~eHHbie rrapbI B0,ll;bl (noJrnpHbie 

MOneKynhr). Cne,n;yeT 3aMeTHTh, qTo K0nHqeCTB0 rrpHMeCH no,n;6HpaeTCH ::iKcnepHMeH

TaJibHO H He ,n;on:lKHO npeBbIIIlaTb ~ 0.5 %. 

HH:lKe npHBe,n;eHbI xapaKTepHCTHKH rrpoBonoqHbIX KaMep, pa6oTaIO~HX B nporrop-

D;H0HaJibH0M, CTpHMepH0M H nna3MeHH0M pe:lKHMax. 

Ilpon. CTpHM. IIJI83M. 

1. ToK ::ineKTpOHHOfi naBHHhl 1+5MKA 0.2+4MA 0.2+4MA 

2. AMnnHTY,D;Hhlfi pa36poc 100 % 60 % (10 -

15)% 

3. ,ll;nHTeJibHOCTb CHrHana Ha nonJBhlCOTe 60 HC 40 HC (2.5-

5) HC 

4. ,lLnHTeJibHOCTb CHrHana Ha yp0BHe 10% 

OT MaKCHMyMa aMIInHTY,lJ;bl 120 HC 100 HC (5 -

10) HC 

5. CKopoCTh cqeTa (ceK-1 cM-2) 5. 105 103 5. lQ5 

6. Pa,n;HaD;HOHHaH CTOiiKOCTb 0.2Kn/cM 0.2Kn/cM lOKn/cM 

,ll;aHHhie npeHMy~eCTBa HOBOI'O pe:lKHMa ra30B0I'O pa3p.!I,Zl;a no3BOnllIOT H3I'OTOBHTb 

KOMnaKTHhlii pa,n;HaIJ,HOHHO-CTOiiKHii ::ineKTp<>MarHHTHhiii KaJIOpHMeTp (20], opra.Hll30-

BaTh Tpnrrep Ha Hannqne TpeKa B KaMepax nnn Ha MHO:lKeCTBeHHOCTb perncrpnpye

MbIX qacrnn;. 3aBHCHMOCTb ::ineKTP0CTaTnqecKHX Kone6aHnii ::ineKTPOHHOii naBHHhl OT 

nepBHqHoii HOHll3aD;Hll n03B0nlleT C03,D;aTh 6bICTphlii H KOMnaKTHhlii n,n;eHTll<PllKaTOP 

3apH:1KeHHb!X qacrnn; B o6nacrn HMnynhCOB 5 + 30 r::iB/c. B 3aKJIIOqeHHe rnaBbI ,ll;aHhl 

peKOMeH,n;an;nn no B03M0:lKH0MY rrpaKTnqecK0MY npnMeHeHHIO nna3MeHHOI'O pe:lKnMa. 
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OcHOBHbie HayqH&Ie H npaKTnqecKHe pe3yJI&TaTbl 

1. BnepBbie C03,ll;aHbI BhlCOKOCKOp0CTHble Y3K03830pHhle MHoronpoBonoqHhle ra30Ha

nonHeHHbie Koop~HaTHhle ,n;ereKT0pbI HOBOI'O noKoneHnll, B ,n;eCHTKll pa3 npeB0CX0,ll;H

~He no CBOHM perncrpaIJ,H0HHbIM rrapaMeTpaM H3BeCTHbie nporropn;noHaJibHbie KaMephl. 

HoBbie IcaMepbl ::icpcpeKTHBHO ll cra611nhHO pa60TaroT B HHTeHCllBHhlX nOT0Kax 3apll

:lKeHHbIX qacrHn; C IIJIOTH0CTbIO ,n;o 5. 107 c-1cM-2 n 6onee qeM B 10 pa3 HMeIOT nyqmee 

BpeMeHH0e pa3pemeHne, n n 50 pa3 6onhmyro pa,n;HaD;HOHHJIO CTOiiK0CTb. 

2. B rrpon;ecce c03,n;aHnll KaMep npone,n;eHhl nx no,n;po6Hhle nccne,n;onaHHH. IIonyqeHhl 

cne,n;yro~ne pe3ynhTaThr: 

a) o6Hapy:lKeHhl n Hccne,n;oBaHhl HeH3BeCTHhre paHee npon;ecchl, npOTeKaro~ne n 

::ineKTP0HHOii naBHHe B pe:lKHMe 6onhIIIOI'O ra30BOI'O ycnneHnll (~ 107). Ifa ,ll;eTaJlbHO

ro n3yqeHllll HOBb!X npon;ecc<_>B cne,n;yeT, qro OHll B03HHKaIOT B pe3ynhTaTe np0llBne

HllH CBOiiCTB ,ll;B0fiHOI'O 3ap.!J,Zl;OBOI'O CJIOll, o6pa3yIO~erocll B npe,n;CTpHMepHoii o6nacrn 

ra30BOI'O pa3p.!J,Zl;a, ll llBnllIOTCH OTBeTCTBeHHbIMH 3a nepexo,n; ::ineKTPOHH0ii naBHHhl B 

CTpHMep. 

6) nHcpopMaIJ,Hll O H0Bb!X 6bICTporeqHbIX cpn3nqeCKllX rrpon;eccax, corrp0BO)K,ll;a

IO~ nepexo,n; JiaBnHhl B crpnMep, nonyqeHa B Y3K03830pHb!X MH0ronpononoqHbIX Ka

Mepax, KOTOphre, KaK nOKa3aJill nccne,n;onaHnll, llBnllIOTCll y,n;o6HhlM HHCTpyMeHTOM He 

TOnhKO ,ll;Jlll n3yqeHHll o6JiaCTH nepexo,n;a naBHHbl B CTpnMep, no H ,ll;Jlll rrpoBe,n;eHHll ::!KC-

' nepHMeHTOB B nHTeHCHBHbIX nyqKax, CBll3aHHb!X C nccne,n;onaHneM n ITOHCKOM pe,n;KHX 

npon;eccon. 

B) ::iKcnepnMeHTaJlbHOO ll Te0peTHqecK0e H3yqeHne pa60Tbl Y3K03830pHbIX KaMep 

IT03Bonnno nnepnhle nonyqHTh aHaJIHTnqecKoe Bhipa:lKeHne, KOTOpoe onpe,n;enlleT Tpe-

6oBaHHll K napaMeTpaM ::ineKTp0HHOfi naBHHhl, npn KOT0pb!X npOllBnllIOTCH <PH3HqecKHe 

npon;ecchI, 0TBeTCTBeHHhie 3a naBHHHO-CTpHMepHblii nepexo,n;, a TaK:lKe nony::iMnnpnqe

CKOe Bbipa:lKeHne, OTpa:lKaIO~ee OCH0BHhle <PH3HKO-Texm1qecKne Tpe6oBaHllll K ::ineK

TpoMeXaHnKe KaMep ,ll;Jlll ,ll;OCTH:lKeHHll HMH npe,n;eJihHOii CKOpoCTn cqeTa. 

TaKnM 96pa30M1 pa3pa6oTaHo HoBoe HanpaBJieHHe B nccne,n;onaHHH npon;eccoB npo

TeKaIO~nx B cnnhHOTOqHoii: ::ineKTP0HHOii naBHHe, KOTOpoe OTKpb!BaeT illHp0Klle B03-

M0:lKH0CTll ,ll;Jlll H3yqeHHll MexaHll3Ma ra30BOI'O pa3p.!I,Zl;a B MHoronpoBonoqHb!X ra30Ha

nonHeHHb!X KaMepax, ll n03BOJilleT peIIIHTb MHorne npo6neMHhle BOilpOChl OTHOCHTenhH0 

CTPJKTYPhl ll ycrofiqnnocrn crpHMepa ll llOHH30BaHHOI'O KaHana. 

3. HOBble BbICOKOCKOJ>OCTHhle KaMepbI ncnonb30BaJillCb npn ncc.;,e,n;onaHnn pe,n;Knx pac

Ila,ll;OB K-Me30HOB Ha ycraH0BKe IICTPA-M (ycKopnTeJih Y-70 II<I>B9, IIpoTBnHo) (r,n;e 

anrop 6hIJI pJK0BO,n;HTeJieM sKcnepnMeHTa co CTOP0HhI JUIII OUHII) n Ha ycraH0BKe 
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ANKE ~ II3yqemm ~tt pp -> pp II pp -> d1C'+ Ha BHyrpeHHeM nyqKe ycKo

PIITeJIH COSY {HI.I; IOmnc, ll>Pr). B1uuoqeHIIe B yCTaHOBKY 11CTPA-M KaMep Honoro 

rroKOJieHIIH IIOBbICIIJIO ee Ka'leCTBo, pacmIIpIIJio o6naCTb IICCJie;zyeMbIX pacrra,n;on K II 7r'

Me30HOB 3a C'le'I' IIOBblilleHIIH 'IYBCTBIITeJlbHOCTII II II36IIpaTeJibHOCTII YCTaHOBKII II II03-

BOJIIIJIO ll3MepIITh rrapaMeTpbI cpopMq>aKTOpoB A+ = 0.029 ± 0.024 II Ao = 0.062 ± 0.024 

B Kµ3-pacrra,n;e. 

Ha yCTaHOBKe ANKE HOBble KaMepbI o6ecrre'IIIJIII BhICOKoe pa3pemeHIIe rro orrpe.n;e

JieHIIIO IIMIIYJihCOB rrpoTOHOB, paBHOe u(p)/p = 0.85 % IIPII 3HeprnII rrpOTOHOB 2.0 r3B 

II u(p)/p = 1.0 % IlpII 2.65 r3B, II II03BOJIIIJIII Bbl,!l;eJIIITh C06bITIIH, IIpIIHll
1
ZVIe)K8.IU.Ife 

pe,n;KOMY rrpou;eccy pd -> ppn c IIcrrycKaHIIeM 6bICTpott rrpoTOHHott rrapbl. 
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