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1. B B e Jl eH II e 

KaK II3B8CTHo,· npeJJ.enblloe sHepreTIIqecKoe pa3peweHIIe JJ.eTeKTopoa 

TIIII8 dE/ dx onpeJJ.enHEiTCH q)moKTY8IIIIHMII IIOHII38IIIIII 1 C03Jl8B88MOl! 38p~)l{·eH­

HOil: q8CTIIU8il: 1 IIpOXOJlHLU8l! qyBCTBIIT8nbHY!O o6naCTb Jl8T8KTOpa • .[lnH cnyqa11, 

KOrJl8 IIOHII38UIIOHHbl8 IIOT8p1I q8C'TIIUbl 1 IIpOXOJlHLUeil: TOniUIIHy BeiUeCTB8 i'l.x 

MHOrO M8HbW8 ee HaqanbHOl\ 8Hepr1III II MQ)I{HO npeHe6peqb II3M8H8HII8M e~ 

cKopoCTII ( npiiqeM no a6conlOTHOl\ aeniiqiiHe v >z ..=..:. ), cywecTayeT ToqHoe 
1I 

peweHIIe 38Jl8qii o pacnpeJJ.eneHIIII II·OHII38UIIOHHbiX noTepb, nonyqeliaoe Ba..:. 

Ill . . 
BIInOBbiM II HBnH!OIU88CH o6o6IU8HII8M II3B8CTHOrO pacnpeJJ.eneHIIH naH-

1~1 131 
JJ.ay • B pa6oTe cilopMyna Baaiinoaa 6bma yTO'IHeHa a nnaHe yqeTa JJ.Bne-

KIIX COYll8p8HIIl\ qaCTIIUbl C 8n8KTpOH8MII 1 CBH38HHb!MII B 8TOM8X TOpM03HIU8rO 

B8IU8CTB8o COOTB8TCTBY!OIUII8 cPYHKUIIII pacnpeJJ.eneHIIH npoTa6yn1IpOB8Hbl. B pa-

14 51 
60T8X 

1 
II JlOCT8TQqHo XOpOWO COBll8Jl8lOT C 8KCII8p1IM8HTOM. 

0JlH8KO CyiUeCTByeT 0JlH8 B8)1{H811 JlnH 8KCII8piiM8HT8nbHblX IICCn8JlOB8-

HIIl\ o6naCTb,· B KOTOpOl\ He MoryT 6h!Tb IICIIOnb30B8Hbi yn_oMHHyThie Bbi'we Bbl­

qiicneHIIH1 8 l!M8HHO - o6nBCTb Cp8BHIIT8nbHO He6onbWIIX 8Hepr1Iit· 38p11)1{8H­

Hb!X qacTIIII II JlOCTBToqHo 6onbWIIX L'l.x • 3To CBH38HO KaK c OTCYTCTBIIeM 

TOqHoil: T80p1I1I 8HepreTIIqeCKIIX IIOT8pb 38p11)1{8HHb!X qaCTIIU IIpii He6onbWIIX 

CKOpOCTHX 1' T8K II C He06XOJliiMOCTblO yqiiTbiB8Tb B pacqeTe II3M8H8HII8 CKO­

pOCTII qaCTIIUbl H8 IIyTII 1'1. X 

noSTOMy B H8CTOHIU88 Bp8MH TOnbKO H8Jl8)KHb!8 8KCIIep1IM8HT8nbHhl8 

Jl8HHb!8 MOryT o6ecneqiiTb nonyqeHIIe peaniiCTIIqecKOl! IIHcPOpM8UIIII B 8TOl\ 

o6n8CTII 1 KOT0p811 COBepweHHO He06XOJliiM8 1 H8IIp1IMep, B. CBH31I C p83BIITII8M 

M8TOJl8 dE/dx II E -JleTeKTOpOB JlnH IIJleHTIIcPIIK.8UIIII q8CTIIU - npOJlYKTOB 

HJl8pHb!X p88KUIIl\o 
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B .naHHOil: pa6oT9 npoB9.ll9Ho nsy'I9Hll9 cpn!OKTyaunll: sH9pi'9Tll'I9CKllX 

llOT9pb B TOHKllX Kp9MHll9BbiX .ll9T9KTOp8X Tllfl8 dE/dx .lln!l nony'I9HllSI OCHOB­

HblX xapaKT9pllCTllK cpyHKUllil: pacnp9.ll9n9HllH sH9pi'9Tll'I9CKllX noT9pb a -qac­

TIIU C 3HP.pi'll9il: B .llll8fl830H9 5-9 J:I/\3B npn TOniUllH9 ,ll9T9KTOpOB 10-40 MKM. 

II • M9TO.llHKa sKcn9pllM9HTa 

B pa6oT9 6hmll ncnonb3oBaHbi nnocKonapann9nbHbi9 noB9pXHOCTHo6apb9p­

Hbi9 .ll9T9KTOphi, nsroToBn9HHbi9 B Pa.nn9BOM llHCTllTYT9 nM. B.r. Xnonnaa. 

J.1cnonb30B8HH8SI T9XHOnOI'llSI fl03BOnnna llSI'OTOBllTb .ll9T9KTOpbl C BbiCOKOil: 

CT9fl9Hbl0 O.llHOpO.llHOCTll TOniUllHbl ~ 0,1 - 0,2 MKM no pa6o'I9il: nnowa.nn), 

IICKniO'IllT9nbHO M8nb1Mll M9pTBbiMII 30H8Mll ( ::: 0,1 MKM) ll MSnbiMll o6paT­

HbiMll TOK8Mll npn .llOCTll)K9Hllll 069.llH9HHOil: 30Hbl 38,llH9I'O KOHT8KT80 Ha p!IC 

·noK838Hbl o6paTHbl9 B9TBll BOnbT-aMn9pHbiX xapaKT9p1ICTIIK H9KOTOpblX 

ncnonbSOB8HHblX B pa6oT9 .ll9T9KTopoB. TaM )1(9 .nnH cpaBH9HllH npllB9.ll9Ha 

. . /6/ 
xapaKT9pllCTllK8 .ll9T9KTOpa TOniUllHOil: 1:.! MKM ll3 pa60Tbl o 

J.1sM9p9Hll9 pasp9IUSIOIU9il: cnoco6aocTn .ll9T9KTopoB aa npoXO)K.ll9Hll9 

npOBO.llllnOCb C llOMOIUbiO Cfl9KTpOM9Tpll'I9CKllX IICTO'IHllKOB a -qacTllU 
148 

Gd 

(E = 3,183 MsB), 226Ra ( E = 4,777 MsB, 5,486 MsB, 5,998 MsB n 7,680 
a 

24 J . 228 ( 
MsB), Am ( Ea = 5,482 MsB) n Th ncnonb3oBanacb nnHIIH c Ea 

8,786 MsB ). C noMOillbiO STllX )1(9 a -ncTO'IHllKOB ll3M9pHnacb Tonwnaa nc­

nbiThiB89Mbix .ll9T9KTOpOB 1 TO'IHOCTb ll3M9p9Hllil: COCT8BnHn8 :I; 0,2. MKMo B 

sKcn9pllM9HT9 npllM9HHnacb cTaH.napTHSH sn9KTpOHH8H ann.apaTypa, paspa6o­

T8HH8H .O:nH nonynpOBO.llHllKOBbiX .ll9T9KTOpOB B n.HP OJ.1.HJ.1. Cn9KTP p9rn­

CTpnpoBancH H8 MHOI'OK8H8nbHOM aMnnllTy.llHOM aHanll38TOp9 AVf-4096. nn­

H9ii:HOCTb annapaTyphi, .nono)K9Hll9 aynH aMnnHTy.nao-uncppoBoro np9o6paso­

B8T9nH U CT86llnbHOCTb KOHTpOnllpOBSnllCb I'9H9p8TOpOM TO'IHOil: aMnniiTY.llbl. 

n~nyiJ.mpllH8 Clli'Hana OT I'9H9p8TOp81 BKniO'I9HHOI'O Ha BXO.ll np9.llYCllnllT9nSI 

npll flO.llKniO'I9HHOM .ll9T9KTOp9 1 COCT8BnHna B9nll'IllHY < :.!5 KSB 1 .'ITO B o6-"' . 

IU9M .ll89T H93H8'IIIT9nbHblil: BKna.n B o6IUy10 nonywnpnHy SH9pi'9Tll'I9CKOI'O 
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. pacnpe,aeneHIHI HOHII38UIIOHHblX noTepb. Kanu6pOBK8 annapaTypbl npoBe,lleHa 

C nOMOll.lbiO IICTO'IHIIKOB a -qacTHU 
148 

Gd II 
228 

Th (nocne.UHIIIJ HMeeT wu-

pOKHi! .auanoGoH aHeprui! a -qacTHJl OT E a = 5 1342 MaB .ao Ea ~ 8,786 
. -2 

MaB). Bee HGMepeHHSI npoBe.aeHbi npu BaKyyMe "' 10 MM pT. cT. J.1GMepe-
. . 

HUe npoBOAIInOCb Ha TenecKone, COCTOSill.leM II3 .aeTeKTOpa dE/ dx II AeTeKTOpa 

nonHero nornomeHHSie Anb(j:Ja-qA~TIIUbl OT ynoMSIHYTbiX IICTO'IHIIKOB C TOnll.lHHOi! 

(nonHaSI wupuHa· Ha nonoBHHe BbiCOTbi a -nuHuu) :;; 15 KaB na.itanu Ha .ae-

TeKTop dE/ dx C pacxo,aUMOCTbiO "" 7°. TaKOll: yron Obin Bb!OpaH BO IIGOe)!{a-
/7/ . 

HUe BnHllHIISI atlJclJeKTa KaHanupoBaHUSI Ha BenH'lHHy IIOHH3aUHOHHb!X noTepb 

~E II Ha BenH'lHHy OCTaTO'lHOJI: aHeprHH E-~E, 38MepSieMyro ,lleTeKTOpOM 

nonHero nornomeHHSI c aHepreTuqecKHM paGpeweHHeM "" 40 KaB, pacnono­

,)!{eHHbiM BnnOTHyiO 38 AeTeKTOpOM dE/ dx • nyqoK a -qacTHU na,aan B HanpaB­

neHiiH, 6nH3KOM K HanpaBneHHIO OCII ( III ) KpeMHHeBOll: nnaCTIIHble 

· lleTeKTopoM Ha nonHoe nornomeHue HGMepSinocb nono)!{eHue nuKa nonHoll: 

aHepruu E Ha wKane aHanuGaTopa .ao u nocne noMemeHHSI .aeTeKTopa dE/dx, 

u no GaMepeHHOMY CABHry a -nuHHll: onpe.aenSinacb BenH'lHHa aHepruu ~E 1 

nornomeHHaSI B .aeTeKTope dE/dx u TonmuHa .aeTeKTopa. npu HGMepeHuSix uc-

nonb3oBanocb coOTHOweHue Me)!{.ay npo6eroM u aHepruell: a -qacTuu B KpeM-
/8/ 

HUH II3 pa60Tbl • 

III • 3 K <! n e p liM e H T a n b H bl e p e 3Y n b T a T b1 II 0 6 C y )!{ A e H II e 

3KcnepuMeHTanbHoe uccne.aoBaHue 6hmo npoBe,aeHo Ha .aeTeKTopax TUna 

dE/dx C TOnll.lHHOll: 1010.; 13,3; 23 1 1; 26,2 II 3912 MKM 1 KOTOpbie liMen!! nno-
2 

ll.la,llb pa6oqeJI: noBepXHOCTII 80 MM (Ga IICKniO'leHUeM ,lleTeKTOpa 1010 MKM 1 

4 
· pa6oqaSI nnoma.ab KoToporo 6bma yMeHbWeHa .ao 12 MM .anSI coxpaHeHHSI 

WyMOB npenycunHTenSI Ha. TOM )!{e ypOBHe, 'ITO II B cnyqae 6onee TOnCTbiX 

,lleTeKTOpOB) o 

nonyqeHHOe 3KCnepuMeHT8nbHOe pacnpe,aeneHHe BenH'liiHbl AnSI ,aeTeK­

TOpOB TOnll.lHHOJI: 10,0 II 231 1 MKM ,anSI E a = 5,482 MaB npiiBe,lleHo Ha puc.2. 

3.aecb )!{e cnnowHoi! nuHuell: noKaGaHo pacnpe.aeneHue r f!YCCa 1 HopMupoBBHHoe 

no MaKCHMyMy pacnpe.aeneHHSI ~ E co GHaqeHHeM a 1 B3SITbiM H3 aKcne-

p11MeHTanbHoll: nonywupHHbl COOTBeTCTByromero pacnpe.aeneHHSI ~E • Pacnpe-

5 
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Pacnpe,lleneHI!e sHepreTI!qecKI!x noTepb hE (ToqKI!) np11 npo­

XO)!(JleHI!I! a -qacTI!Uhi c sHeprueli 5,48 MsB qepea .ll6T6KTOphi 

TOn!llHHOli 10,0 H 23,1 MKM, CnnowHaSI ni!HHSI - pacnpe,lle­

neHI!e raycca, HOpMI!pOB8HHOe C SKCUepHM6HT8nbllh!MI! TQqK_8MH 

no M8KCI!MYMY H C SKCll6pi!M6HT8nbHOli Benl!qi!HOli cpe,llH6KB8.ll~ 

paTI!qHoro OTKnoHeHI!SI (a). 
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.oeneHI!e Benl!'li!Hhi E-t!.E; 38MepeHHoe .oeTeKTopoM nonHoro nornomeHI!l'l 1 

-TO'lHoe 3epK8nbHoe oTp8)KeHne p8cnpe.oeneHI!l'l t!.E , 'ITO l'li'lnl'leTcl'l B8)K-

HbiM ooCTOl'!TenbCTBOM .onl'l pemeHI!l'l noCT8BneHHoil 38.08'111, VIMel'! B BIIAY 

BbiCOKyiO CTeU9Hb nnoCK0118p8nnenbHOCTIJ TOHKIIX ,lleTeKTOpOB 1 T8KOe COBU8-

AeHI!e p8cnpe.oeneHIIil t!.E 11 E-t!.E ('8 3H8'1HT 11 nonymnpnH) MO)KHO o.oHo3-

H8'1HO p8CCM8Tp11B8Tb K8K yK838HI!e H8 T0 1 'ITO .llOCTIII'HyTO npe.oenbHO-B03-

MO)KHOe 9HepreTI!'lecKoe p83pemeHI!e .oeTeKTopoB dE/ dx , 'I',K, cpnroKTy8-

U1111 IIOH1!38UIIOHHblX IIOTepb nocne npbXO)K,lleHI!l'l 'l8CTI!Ueil TOnllli!Hbl ~ 

38MepHeMbte .oeTeKTOpoM nonHoro nornomeHI!l'l ( E -t!.E ) , COBII8A810T c. 

cpmOKTY8UIIl'IMH IIOHII38UIIII ( t!.E ) 1 38Mepl'!eMbiMII .oeTeKTOpOM dE/dx, T,e, C 

9Hepre·TII'l9CKIIM p83pemeHI!eM .ll9T9KTOp8 dE/dx , 

0op8lll8eT H8 ceol'! BHIIM8HII9 Ani!HHblil •xBOCT" CO CTOpOHbl M8nbiX 

9HeprnA B p8cnpe.oeneHIIII t!.E , B cneKTpe nonHoil aHeprnn a -'l8CTIIU1 3~­

MepeHHOM .oeTeKTopoM nonHoro nornomeHI!l'!1 11 B cneKTpe aHeprnil a -'l8c-

148 
. TIIU Gd 1 38Mepei_IHOM AeTeKTOpOM TOnllliiHOil 23,1 MKM a -q8CTI!Ubl C 

aHeprneA 3,183 MaB B T8KOM .oeTeKTope nornolll810TCl'l nonHoCTbiO), T8Koro 

H1!3K09HepreTI!'leCKOI'O "XBOCT8'.HeT1 'ITO IICKniO'l8eT K8KI!e-nl!oO 9KC119pi!­

MeHT8nbHbie Ollli!OKII (Bnlll'!HIIe KOnni!M8TOpOB 1 H8pymeHI!e B8KYYM8 CIICTeMbl 

11 T • .ll.). 3ToT xilocT B 6onbmeil nnn MeHbmeil cTeneHI! H8onro.o8eTCl'l .onl'l 

BCe~ .TOnllli!H. AeTeKTOpOB dE/ dx II BC9X 9Hepr11il a -q8CTIIU II MO)KeT Ob!Tb 

00l'I38H acpcpeKTY K8H8nOBOI'O 11pOXO)K,ll9HIIl'l HeoOnblllOil 'l8CTII a -'l8CTIIU 

'lepe3 Kp11CT8nnl!'leCKYIO pemeTKY KpeMHIIl'l 1 HeCMOTpl'l H8 .ll0CT8TO'IHO oonb­

lllYIO p8CXOAIIMOCTb ny'IK8, .Llonl'! 'l8CTIIU B "xBOCTe" MeHHeTCl'l, K8K ohtnO 

· Bhtl'!cHeHo B aKcnepi!MeHTe, np11 113MeHeHI!II yrn8 118AeHI!l'l a -q8cTIIU H8 no-

BepxHOCTb AeTeKTOp8, 

K8K BIIAHO 113 pncyHK8 1 np8B8l'l BeTBb p8cnpeLieneHI!ll t!.E !!MeeT 

cpopMy cpyHKUIIII r8yCC8 Anll AeTeKTOp8 TOnl!liiHOil 10,0 MKM ( t!.E = 0,27xE) 
-<· 

II OTnll'l89TCl'l OT cpyHKUIIII r8yCC8 .onl'l .oeTeKTOp8 TOnllli!HOil 23,1 MKM 

( t!.E = 0,78E ), 0 B03MQ)KHOCTII npl!'li!He 9TOI'O p8CXO)K.OeHI!ll oy.oeT CK838-

HO HI!)Ke, 

H8 pnc,3 npnBe.oeHbi 113MepeHHbte :mepreTI!'leCKI!e p83perneHI!ll (3H8-

qeHI!ll nonyrnnp!!Hbi p8cnpe.oeneHI!ll t!.E H8. nonyBhtCoTe c nonp8BKOil H8 

lllYM aneKTpOHIIKII) ,lleTeKTOpOB TOnllli!HOil OT 10 .llO 391 :.! MKM ,llnl'! 4-x 9Hep-

8 
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rill! a -qaCTIIU• J.13 p11CyHK8 Bll]lH01 'ITO cyLUeCTByeT cnO)I{H8SI 38BIICIIMOCTb 

cpmOKTY8UIIII IIOHII38UIIOHHh!X noTepb OT TOnLUIIHbl ]leTeKTOpa II OT HaqanbHol! 

8Hepr1111 '18CTI!Ublo 0THOCIIT8nbHOe 8HepreTII'l8CKOe pa3peLUeH118 ]l8T8KTOpa 

]l8HHOI! TOnLUIIHb! nO'!TII He "38BIICIIT OT 9Hepr1111 na]l810lUel! '18CTI!Ubl {_pllc.4), 

COCT8BnSISI MIIHIIM8nbHO B03MO)I{HyiO Benll'liiHy B IICCne]lyeMOM ]lll8n030He 8Hep­

rlll! 5,7 j: 0,3%. npeJlB8p11TenbHb!e Jl8HHbie, nonyqeHHbie JlnSI ]leTeKTOpa TOn­

LUIIHOi! 23,1 MKM 1 nOK83b!B8IOT1 'ITO OTHOCIITenbHOe 8HepreTII'!eCKOe pa3peme­

HIIe B ]lll8n030He 8Hepr11l! a -qacTIIU 9-25 MaB He Mel!neTCSI CyLUeCTBeHHO II 

cocTaBnneT Benll'l11Hy~10%. 

l1HTepecHo npoBeCTII cpaBHeHIIe 113MepeHHbiX B aKcnepiiMeHTe Jlllcnepclll! 

Benii'!IIH ~E C TeopeTII'!eCKIIMII Oi!eHK8MII cpnyKTY8UIIi! noTepb 8Hepr1111 a -qac-

TIIU npll npOXO)I{AeHIIII TOnLUIIHb! ]leTeKTOpa ~X • B npe]lnono)l{eHI!II 1 'ITO 

OCHOBHOI! BKna]l B cpniOKTy8UIIIO BHOCSIT 6nii3KI!e coy~apeHIISI C aneKTpOH8MII 

cpeJlbi 1 CT8HJl8pTHOe OTKnoHeHIIe Benii'!IIHb! ~E BnepBbie 6binO nonyqeHO. Eo­

/9/ 
poM : 

rJle: ze -38pSIJl '18CTI!Ubl 1 npOXOJlSILUel! qepe3 cpeJly C 8TOMHb!M HOMepoM 

Z. 1 TOnlUIIHOi! ~X II CO]lep)I{81Uel! N 8TOMOB H8 cM
3

• nonyLU11p11H8 Kp!!BOI! 

pacnpeJleneHIISI IIOHH38UIIOHHbiX noTepb B cnyqae pacnpeJleneHIISI laycca onpe-

Benii'!IIHa n no Eopy 38BIICIIT TOnbKO OT CBOi!CTB cpe]lbl II ee TOnLUII-Hb! II 

He SIBnSieTCSI cpyHKUIIel! 8Hepr1111 ._ 1101180 n OSTOMY 38BIICIIMOCTb n = f( ~ x) no 

Eopy Ha p11c.3 ]lOn)I{Ha 6biTb napa6onllqecKol! ¢opMbi. Y'leT at:oMHOl! CTpyK-

z /10/ 
TYPbi1 BBe'JlEiHHbil! B oueHKY a _ EeTe-niiBIIHrcTOHOM ,Mano l!sMeHneT Benii-

'!IIHY n ]lnSI KpeMHIISI 1 HO BBOJliiT1 np8B]l81 O'!eHb cna6y101 38BIICIIMOCTb OT 

8Hepr1111 na]l8101Uel! '!8CT11Ubl• 

Ecn11 BBeCTII B paCCMOTpeHIIe 38BIICIIMOCTb OT cpe]lHel! KIIHeTI!'!eCKOl! 

/11/ 
aHeprllll aneKTpOHOB cpeJlbi E ', K8K 9TO CJlenan U11uei!Ka , TO Tor]la _ KIIH 

3H8'111TenbHO yBenii'!IITCSI Benii'!IIH8 n JlnSI HII3KIIX 9Heprlli! 6narOJl8pSI COMHo-

)I{IITeniO B Bb!p8)1{eHIIII JlnSI ]lllcnepCIIII 

( 1 + !_ E KIIH ) 
1 

3 mv 2 

rAe: m - Macca aneKTpoHa, v CKOpOCTb '!8CTIIUhlo 
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{MUHpoHIII} 

'PHc.s.· 3asHCHMOCTb aHepreTH'IeCKOf'O paapeweHHSI ,lleTeKTOpOS . OT TOn­

lllHHbi ( ~x ) H oT aHeprHA rra.naromHx qacTHU ( Ea = 8,78 Mas, 
7,68 M9s; 6,12 Mas; 5 148 M9s). CrrnowHoA nHHHeA rrpose.ne-

x X 
Hbi pacqeTHbie KpHSbie : a .nns:~ Ea = 8,78 Mas, 6 .nnSI Ea = 7,68 

- X X 
Mas,· s .nng Ea = 6,12 Mas, r .nns:~ Ea = 5,48 Mas. 
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B narnnanoa ¢opMe_aennqnny ¢niDKTyauna anepreTnqecKnx noTepb nonyqnn 
/12/ . . 

KpaHWOY, 1 OCHOBbiBaHCb Ha qncTO CTaTHCTHqeCKOM paCCMOTpeHHH Mexa-

Hll3Ma llOT8pb aHeprHH qacTHUbl, 3neKTpOHbl 6nH3KHX coy.napeHHA yHOCSIT B 

cpeaneM aneprniD 

fa¢¢ 
MaKe. 

fu fMlKC 

fMHH 
rae: ( max H (min COOTB8TCTB8HH01 MaKCHManbHaSI ll MHHHManbH8H 

aneprnn, nepeaaaaeMan aneKTpony a ynpyroM coyaapennn, 

I 2 

'MaKe= 2nan v
2 ·. . fMHH 

<MaKe 

I - cpeaHHA llOT8HUHan llOHH3aUHH ·aTOMa KpeMHHH, 

Ecnn L\E - cpeaHHH noTepn aneprnn qacTIIUbi Ha nyTn L\x , Toraa 

qncno aneKTponoa c aneprnea 

¢niDKTyauniD 

f a¢¢ onpeaenneT cpeaneKaaapaTnqnyiD 

N 
L\E a=yN ---. 
( qtfl4> 

ll COOTB8TCTB8HHO OTHOCHTenbHyiD nonywnpnny pacnpe.neneHHH ¢niDKTyauHA, 

T,e, anepreTnqecKoe paapewenne aeTeKTopa 

R(%) c2,35 [ 
€M8,KC J ~ x/ 

·( 
L\E Cn MaKC· 

fMHH 
ct>opMynbi Eopa n Kpanwoy ann KpeMHIIH Momno npeacTaBHTb B anae 

R = 10,1 y L\x z , KaB, 

~ /13 14/ 
06biqHo aToA ¢opMynoa !I nonb3yiDTCH ' ann onpeaenennn paapewaiD-

wea cnoco6nocTII aeTeKTopoa Tnna dE/dx , Ho,s npnnunne, aTy ¢opMyny 

Momno ncnonb3oaaTb Toraa, Koraa aonn anepnm L\E OCTaBneHHag B 

aeTeKTope, cocTaanneT ManyiD qacTb nepanqnoa aneprnH, T,e, Koraa HaM:e­

nenneM CKopocTH nona, a, cneaoaaTenbHo, !I naMelleHIIeM aepOHTHOCTH coy-

x/ /12/ 
AaTopoM . npn BbiBoae aa11noa ¢opMynbi no !lenoli~THbiM npnqH-

HaM Hcnonb3oaan ·KogjxpnuneHT ~,6 BMecTo o6blqnoro 2 (fu2) = 2,35. 
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ll8peHIHI C aneKTpOH8MII np11 npOXO)KlleHf!fl qaCTf!Uel! nyTII ~X B M8Tep11ane 

MO)KHO npeHe6peqb, 0llH8K0 1 K8K BllllHO 113 9KCnep1!MeHT8 1 T8KOe npennono­

)KeH!Ie ll/HI 11ccnenoaaHHol! o6nacTII ~x 11 ~E sJBnSJeTCSJ oqeHb rpy6hiM, Ha 

p11c,5 no oc11 a6cu11cc oTno)KeHa aenllqHHa , nponopullbHanbHBSJ nepallqHol! cKo-

pocTII qacTIIUhl (2 m aneKTpoHa) 
112 

V q8CTIIUbl 1 a no OCH Opll11H8T - 9Hep-

reT!IqeCKOe paspeweH11e, 3Kcnep!!MeHTanbHbie ToqKII npllaeneHhi ni!SJ 3-x 

TOnWIIH neTeKTopoB. TaK>Ke np11aeneHa TeopeTHqecKfl O)KIIllaeMaSJ no Eopy 11 

KpaHwoy saaHCHMOCTb nnSJ neTeKTopa TOnllliiHOl! 23,1 MKM, Yfs pucyHKa 

BHllH0
1 

qTO qeM 6onbwe IISMeHeHIIe CKOpOCTII 1 T,e, qeM MeHbWe nepaHqHaSJ 

aHepi'IISJ lloHa 11 qeM Tonme neTeKTop, TeM CIInbHee pasn11q11e Me)KllY Teo-

peTHqeCKII 0)KIIll8eMbiMII II 9KCnep11MeHT8nbHb!MII pesynbT8T8MII, 

/11/ ' 
KaK y)j{e OTMeqanoch, U11uel!Ka B pacqeTe nucnepcHII uoHIIsauHoH-

HhiX noTepb yqiiTh!B8eT COOTHOl.LleHIIe CKOpOCTel! nOll810l.Llei'O IIOH8 II aneKTpo­

HOB cpellhl
1 

qTb He yqiiThiB8eTCS! B llPYI'IIX Bh!BOll8X ypaBHeHIIS! lliiCnepCH1i 1 H 

ace )Ke nonyqeHH8Sl UM 9HepreT!IqeCK8Sl 38BHCHMOCTb ll!ICnepCHH 3H8q11Tenb­

HO cna6ee
1 

qeM 9KCnep11MeHT8nbHO' Ha6niOll8eM8S!1 qTO BllllH0 1 Hanp11Mep1 HS 

T86n11Uhl .1 llnSI lleTeKTOpa TOnlllHHOl! 23,1 MKM, 

Ta6nuua 1 

Ea Maa 8,78 7,68 6,12 5,48 

R Uuuel!Ka 1,42 1,49 1,63 1,68 

R Eop 

RaK:cn, 1,52 1,95 2,48 3,00 

R Eop 

TaKHM o6pasoM 1 OCHOBHh!M ¢aKTOpOM 1 npHBOllS!lllHM K HeBOSMO)KHOCTH Hc­

nonb90B8Tb TeopeTHqeCKIIe oueHKH R 1 SJBnSJeTCS! 3H8qHTenbHOe HSMeHeHHe 

CKOpOCTII qaCTHUhl npH npOXO)KlleHHH lleTeKTOpa, 0llHHM HS BOSMO)!{Hb!X 

cnoco60B yqeTa HSMeHeHHS! CKOpOCTII qacTHUhl UpH BbiqllcneHIIII £PniOKTY8UHl! 

HOHH38UHOHHhlX noTepb S!BnSJeTCS! cnoco6 1 npennO)KeHHb!l! t.{aaqaHI!llSe/ 
151
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OCHOSaHHblll Ha Herron b30SaHHH MeTOLla Mapxosa pac'!eTa CTOXaCTH'IeCKHX 
. . /15/ 

rrpoueccos, Ho rrpaKTH'leCKH Hcrronb3osaTb peaynbTaTbi pa6oTbi " He rrpen-

CTasmieTCSI S03MO:lKHb!M 1 . liOCKOnbKY pa6oTa He LlOSelleHa LlO 'IHCneHHb!X pe-
/16 17/ 

aynhTBTos, B pa6oTax 4snepa ' 'IHcneHHbiM MeTOLlOM peweHo TO'!Hoe 

KHHeTH'!ecxoe· ypasHeHHe LlnSI !jlniOKTyauHH HOHH3aUHOHHb!X liOTepb SlinOTb' LlO 

BenH'!HHbl ilE = 0,80 E C y'leTOM H3MeHeHHS1 CKOpOCTH SllOnb liYTH ilx H pe­

aynhT8Tbl rrpHseneHbi s sHne .rpa!jlHxos, yno6HbiX LlnSI corrocTasneHHSI c sx-

CliepHMeHTOM, 

H a pHc,3 rrpHSOLlHTCSI peaynhTBT pac'!eTa rro 4snepy nnH 4-x aHa'!e­

HHll sHeprHA (ax- 8,78 Mas, 6x- 7,68 MSB,sx- 6,12 Mas, rx- 5,48 

Mas), Yfa conocTasneHHSI c sxcrrepHMeHTOM SHLIHo, .'ITO o6wag <PopMa Teo­

peTH'!ecxHx xpHSbiX no ~snepy Him6onee 6nHaxa K !jlopMe sxcrrepHMeHTanhHbiX 

KpHsbiX, 1!-o ·He cosnanaeT no a6coniOTHoll senH'!HHe, aa HcxniO'!eHIJeM cny'!aSI 

E = 7,68 Mas, B !jlopMe sHepreTH'!ecxoro crrexTpa E-LlE pac'!eT rroncxa-
a • . 

3b!B8eT liOSIBneHHe 'XBOCTa' CO CTOpOHb! HH3KHX SHeprHJl npH ilE ::: 0,8 E ·, 

JleJlCTBHTenbH01 Ha pHc,2-6 BHL1H01 'ITO. SKCnepHMeHTanbHb!e TO'IKH B ClieKTpe 

il E .CO CTOpOHb! Bb!COKHX SHeprHl! no:lKaTCSI Bb!We rayccosa pacnpenene­

HHSI H no !jlopMe. xopowo cornacyiOTCSI c pac'!eTaMH 4snepa, 

YfTaK, BBHLly OTCYTCTBHSI TeopeTH'!eCKOI'O onHCSHHSI Ll,HcnepcHH HOHH­

aauHOHH.b!X liOTepb B Yll06HOM LlnSI KanH6pOBO'!Hb!X SKCITepHMeHTOB C. TOHKH-

MH LleTeKTopaMH LlHanaaoHe SHeprHJl a -'!aCTHU, Mbi npennaraeM nnH 

orrpeJ:teneHHSI KB'!eCTBS LleTeKTOpOB B LlHanaaoHe TOnWHH 10 -: 30 MKM He-

nonb30BaTb TOnbKO a -nHHHIO HCTO'IHHKa The' C E a = 8,78 M'sa H no-

ny'!eHHoe SHepreTH'!ecxoe paapeweHHe cpaaHHBaTb c Bbi'!HcneHHbiM rro <P_op­

Myne, cnenyiOweA Ha sxcrrepeMeHTanbHbiX naHHbix, npHieneH~bie Ha pHc,3 

R =1 5,5 y Ll x z , 
(xsa) -

BenH'!HHY R , onpeneneHHyiO no SToll <PopMyne, MO:lKHo c LlOCTSTO'!Holt, no 

HaweMy MHeHHI01 HBLle:lKHOCTb!O C'IHTaTb npenenbHo-B03MO:lKHb!M SHepre:­

TH'!eCKHM paapeweHHeM neTeKTopoa THna dE/dx rrpH Ea"' 9· Mas, 
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