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BaeneHHe 

HayqeHHe 'IBCTHU, BbineTaiOmHx npH nornomeHHH oTpHUaTen&HbiX 

MIOOHOB HRp8MH 1 npepCTBBliHeT 6on&moA HHTepec C TO'IKH apeHHH H3Y

'IeHHH CTpyKTypbl Hnpa H MeXBHH3Ma 38XBBT8 MIOOHOB HliPBMH. Tiocnen-

/1/ /2/ 
HHe 9KCnepHM8HT8llbHbie H TeopeTH'I8CKHe liBHHbl8 nOK83biB810T1 

'ITO B o6naCTH MBllbiX 9HeprHA Bblli8TeBWHX 'IBCTHU liOMHHHpyeT pe30HBHC• 

/8/ 
HbiA M8XBHH3M MIOOHOB • 1·1To KacaeTCH o6naCTH 60llbWHX 9HeprHA 1 TO 

3ReCb CHTYBUHH HeHCHBH. Tio-BHliHMOMy1 npH 60llbWHX 9HeprHHX HB'IHHBIOT 

npeo6liBli8Tb npOUeCCbl npHMOrO 38XBBT8 MIOOHOB CKOppenHpOBBHHbiMH HyK-

/4,5/ 
liOHHbiMH napaMH • TipH 9TOM H3 06Il(HX coo6pa:H<eHHA MO:H<HO npenno-

naraTb 6on&Wyl0 06tnHOCTb B 11pOU8CCBX1 np¥BOliHIIlHX K Bb!lieTy BbiCOK0-

9HeprH'IHbiX npoTOHOB H HeATpOHOB. llnH nonHoro noHHMBHHH cjJH3H'I8CKOA 

CYIIlHOCTH npoueCCOB nornotneHHH MIOOHOB CliO:H<HbiMH HliPBMH He06XOliHMbl 

CBeneHHH KBK no Bblll8Ty HeATpOHOB1 TBK H no Bblll8Ty 38pH:H<eHHbiX 'IBC-

THU. 

3KcnepHM8HT8llbHbl8 liBHHbie no Bb!lieTy 38pSDK8HHbiX '18CTHU1 B OC0-

6eHHOCTH npH 60llbWHX 9HeprHHX1 BeC&Ma CKyliHbie H HenOliHble. TiepBbl8 

/6/ 
HCCli8JlOBBHHH Bbll10liHHliH MopHHara H <llpaA Ha TH:H<8llb!X HJlpBX cjJOT0-

9MYllbCHH. 0HH nOK838liH 1 'ITO BbllleT 38pH:H<8HHb!X 'IBCTHU pe3KO fi0Jl8Bll8H 

no cpaBHeHHIO C Bblll8TOM HeATpOHOB H COCT8BliH8T acero 8% nOliHOA Be-
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pORTHOCTH 3aXBaTa, 0onyqeHHbl9 aBTOpaMH )laHHbi9 ITO Bbin9TY rrpOTOHOB 

H a -'18.CTHil Henb3R 6binO OllHOBpeMeHHO cornacoBaTb C TP-Op9TH'I9CKHMH 

171 
pacq~TaMH 1 BbJnOnHeHHbiMH J1IIIHH Ha OCHOB9 CTaTHCTH'19CKOil: MOll9nH, 

llnR o6~RCH9HHR *eCTKOCTH 9H9pi'9TH'I9CKOI'O cneKTpa H 6onbiiiOI'O Bb!X0-

/4/ 
Jla npOTOHOB B 9TOM 9KCnepHM9HTe 3HHrep npeJlnO*Hn MexaHH3M 

aaXBaTa M!OOHOB JlBYXHyKnOHHbiMH KnacTepaMH 1 noKanH30BaHHbiMH B no

BepXHOCTHOM cnoe RJlpa. TaKoe paccMoTpeHHe B H3B9CTHoft Mepe noaBo

nHno llOCTH'Ib cornaCHR C 9KCnepHM9HTOM 1 OllHaK0 1 cneJlyeT OTM9THTb 1 'ITO 

HaJle*HOCTb ero 0'19Hb Mana B CHny nenoro pRJla JlOnOnHHTenbHbiX np9Jl

non0*9HHft, 6onbiiiHHCTBO H3 KOTOpbiX H9nb3R HenocpeJlCTB9HHO npoBepHTb 

/8/ 
Ha onbiT9 H 0'19Hb TpyJlHO o60CHOBaTb TeopeTH'I9CKH , 

. /9 10 11 12 13/ 
06IUHft H9Jl0CT8TOK npeJlbiJlYlUHX 9KCIT9pHM9HTanbHblX pa60T ' ' 

1 1 

COCTOHT B TOM
1 

'ITO HCITOnb30BaBIIIaRCR MeTOJlHKa IT03BOnRna TOnbKO orpa

HH'I9HHO HnH He no380nRnl'\ B0061Ue HJl9HTH!j}HUHpOB8Tb aapR*9HHbl9 'laC

THUbl no M8CCaM 1 'ITO M0*9T cyiUeCTB9HHO OTpa3HTbCR Ha aKKypaTHOil: 

HHTepnpeTaitHH aKcnepHMeHTanhHbiX JlaHHbiX, KpoMe aToro, JlnR 6onhiiiHX 

9HeprHil: 38PR*9HHbiX '18CTHil npaKTH'I9CKH OTCyTCTBYIOT )laHHbi9 no aaxBa

TY MIOOH08 H8 RJlpaX C onpeJleneHHbiM 3Ha'I9HH9M aapRJla RJlpa, 

113 8C9I'O Bb!III9CKaaaHHOI'O cneJlyeT B8*HOCTb nocn9JlOB8T9nbHOI'O 

9KCnepHM9HTanbHOI'O H3Y'I9HHR *eCTKOil: '18CTH cneKTpOB aapR*9HHblX qac

THUo 8bin9Ta!OlUHX npH norn01U9HHH OTpHUaTenbHbiX MIOOHOB cnO*HbiMH RJl

paMH, UenhJO aacToRmeft pa6oTbi RBHnOCb HaMepeHHe auepreTH'IeCKHX 

cneKTpOB H BepORTHOCTeft Bb!n9TOB npOT~HOB1 Jl9ftTpOHOB H RJlep TpHTHR 

c aueprReft 6onbiiie 10 MaB npH MJO-aaxsaTe ua uecKonhKHX RJlpax 

B JlHSna30H9 3Ha'leHHft aapRJla RJlp8 10 < Z < 30, 
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floCT8HOBK8 OITb!T§ H SKCIT9DHM9HT8nbHag yeT, 

OepeJl H8MH CTORnH cneJlyi01UHe 38Jlaqu: 

a) paaQeneHHe 38PR*9HHbiX '18CTHil no MSCCaM: 

6) H3M9p9HH9 a6con!OTHblX 9HepreTH'I9CKHX cneKTpO 

Jl9ftTpOHOB H RJlep TpHTHR 1 H8'1HH8R C B03MO*HO HH3KHX ~ 

B) nony'leHHe 38BHCHMOCTH BbiXOJlOB 9THX 'IEtCTHil 0' 

Jlng paaQeneHHR 38PR*eHHblX '18CTHil no M8CC8M D1 

M9TOJl OJlHOBp9M9HHOI'O H3MepeHHR HOHH38IlHOHHblX noTepl 

TOHKOM cqaT'IHKe H nonHoft 9H9pi'HH E B TOnCTOM cqaTq 

'ITO 

EdE .,. .. z:a 
dx 

H He 38BHCHT OT 9H9pi'HH, HaH6onee nOJlXOJlRlUHMH JlnR H~ 

38UHOHHblX noTepb 38PR*9HHbiX '18CTHil RBnRIOTCSJ TOHKHe 

6apbepHbl9 Kp9MHH9Bbl9 Jl9T9KTOpblt T8K KSK B HHX OTCyT 

H8Cbi1U9HHR CHI'Hana OT nnoTHOCTH HOHH38IlHHo Jlng H3M9p• 

aHeprHH npoTOHOB s HHTepsane JlO 100 Mas JlOCTaTO'IHO 1 

cTanna Cs J ( Tl) 
28 

11aMepeHHR 6bmH CJlenaHbi ua SJJlpax Si 82 s 
• 

p a60T8 Bb!ITOnHeHa. Ha M930HHOM Tp8KT9 CHHXpOUHKnOTpOH 

HCnonb30BanCR ny'IOK OTpHU8T9nbHblX MIOOHOB C HMnynbC 

Ha pHc. 1 npeQcTasneua 6noK-cxeMa ycTaHOBKH, Ha puc. 

6noK-cX9M8 aneKTpOHHKH, 

C'I~T'IHKH 1 H 2 HMenH paaMepbi 10 x 10 x 1 (eM) 

nnaCTM8CC8) t C'laT'IHK 4-4 ·x 4 X 0,08 ( CM) ( CilHHTHnnup; 

ca), C'I~T'IHKH 3 H 5 npeJlCTSBnRnH C060I Kp9MHH9Bb19 no 

2 
epHbi9 Jl9T9KTOpbl nn01U8Jlb!O 5,8 CM H TOnlUHHOI 200 1\1. 

5 cny*Hn JlnR H3MepeHHR HOHH38UHOHHblX noTepb d E/dx 
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nonyqeHHhie aBTOpaMH ):laHHhl9 ITO Bhin9TY IlpOTOHOB 

Henb351: 6bin0 OAHOBpeMeHHO cornaCOB8Tb C TP.OpeTH'I9CKHMH 

171 
b!IlOnHeHHbiMH HumH Ha OCHOBe CT8THCTM'I9CKOit MO):IenM. 

/K9CTKOCTH ::mepreTM'I9CKOI'O CI19KTpa M 6onbWOI'O Bb!X0-

/4/ 
B 9TOM 9KCI19pMMeHTe 3MHI'9p npet:~nOJKMn M9X8HH3M 

HOB ABYXHyKnOHHhiMM KnacTepaMM 1 noKanM30BaHHbiMM B no-

cnoe Rt:~pa. TaKoe paccMoTpeHMe B M3B9CTHOit Mepe I103BO-

COI'naCMSI: C 9KCI19pMM9HTOM 1 OAH8K0 1 cnet:~yeT OTM9TMTb 1 'ITO 

o<JeHb Mana B cMny uenoro pRAa t:~orronHHTenhHhiX rrpeA-

KOTOpbiX H9nh351: HenocpeACTBeHHO IlpOBepHTh 

TpyAHO 060CHOBaTb TeopeTM'I9CKH 
/8/ 

. /9,10111213/ 
H9AOCTaTOK rrpe):lbiAYWHX 9KCll9pHM9HTanbHbiX pa6oT 

1 
' 

1 

1 'ITO HCnOnb30BaBWa51:C51: MeTOAHKa n03BOnRna TOnbKO OI'pa

He I103BOnRnll B006We HA9HTH$HUHpOBaTb aap51:1K9HHbie 'laC-

' 'ITO MOJKeT cywecTB9HHO OTpaaHTbCSI: Ha aKKypaTHOit 

sxcnepHMeHTanbHhiX t:~aHHhiX, KpoMe 9Toro, AnR 6onbwHx 

'laCTHU npaKTH'I9CKH OTCyTCTByiOT ABHHbie ITO 3aXBa

C onpet:~eneHHhiM aHa'leHHeM aapRAa RApa. 

BbiWecxaaaHHoro cnet:~yeT BaJKHOCTh nocnet:~oBaTenbHoro 

M3y'leHH51: /K9CTKOit 'laCTH cneKTpOB 38p51:1K9HHbiX 'laC

npH IlOI'nOIU9HHH OTpHUaTenbHhiX MIOOHOB CnOIKHbiMH 51:):1-

HaCTORIUeit pa60Tbl RBHnOCh H3MepeHHe 9HepreTH'I9CKHX 

SI:THOCTeit Bbin9TOB llpOTOHOB, t:~eitTpOHOB H SI:Jlep TpHTHSI: 

.Sonbwe 10 MsB npH MI0-3axaaTe Ha HecKonhKHX RJlpax 

aHa<JeHHit aapRJla RJlpa 10 < Z < 30. 
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TIOCT8HOBKa onwTa H SKCnepHMeHT8nhH8H yCT8HOBK~ 

TiepeJl HaMH CToHnH cneJlyiOruHe aa)laqH: 

a) paaJleneHHe aapRJKeHHwx qacTHU no MaccaM; 

6) H3MepeHHe a6coniOTHWX SHepreTnqeCKHX cneKTpOB npOTOHOB, 

)leitTpOHOB H HJlep TpHTHR 1 Haqngag C B03MOIKHO HH3KHX SHeprHA; 

B) nonyqeHHe 38BHCHMOCTH BWXOJlOB STHX qaCTHU OT 38p51:Jl8 RJlpa, 

llnR paa)leneHHR aapR:lKeHHhiX qacTHU no MaccaM m Mbl npHM9HHnH 

MeToJl OJlHOBpeMeanoro HaMepeana HOHHaauHOHHhiX noTeph d E/dx a 

TOHKOM cqaTqHxe H nonaoA sHeprnH E B ToncToM cqaTqHxe. HaaecTHo, 

qTo 

EdE_ .. mz2 
dx 

H He 38BHCHT OT SHepi'HH, HaH6onee IlOJlXOJlRIUHMH JlnR H3MepeHHR HOHH-

38UHOHHbiX noTeph 38pRJKeHHbiX qaCTHU RBnRIOTCR TOHKHe noBepxHOCTH0-

6apbepHbie KpeMHHeBbie )leTeKTOpb! 0 T8K KaK B HHX OTCYTCTBYJOT s$PeKTbl 

H8CWIU9HHH CHI'Hana OT rrnoTHOCTH HOHH38UHH, llnR H3MepeHHR ITOnHoA 

saeprHH rrpoToHOB B HHTepaane JlO 100 Msa JlOCTaToqno rrpHMeaeaHe KpH

CTanna Cs J ( Tl ) 

28 82 u 64 MaMepeHHR 6binH CJlenanw na RJlpax Si , S , Ca , Ca. 

Pa6oTa Bhiilonaena aa MeaoHHOM TpaxTe CHHt-xpouHxnoTpoaa OH.RH. B onhiTe 

HCI10nb30BanCR rryqoK OTpHUSTenhHbiX MIOOHOB C HMnynhCOM 96 Msa/c, 

Ha pnc. 1 rrpeJlcTaBnena 6nox-cxeMa ycTaHoBxH, aa pHc. 2 - ynpoureanag 

6nox-cxeMa sneKTpOHHKH, 

CqE!TqHKH 1 H 2 HMenH paaMepbl 10 X J0 X } ( CM) ( CUHHTHnnHpyiOIU8SI 

rrnacTMacca), cqaTqHK 4-4 ·x 4 x 0,03 (eM) ( cuHHTHnnHpyiOmaR rrnccTMac

ca) 1 cqE!TqHKH 3 H 5 npeJlCTaBnsrnH C06oA KpeMHHeBb!e noaepXHOCTH0-6aph-

2 
epHbie JleTeKTOpbi I1nOIU8Jlb!O 5,3 CM H TOniUHHOA 200 MKM, CqaTqHK 

5 cnyJKHn JlnR HaMepeHHR HOHHaauHOHHbiX noTe ph d E/dx aapsr:lKeHHhiX 

5 
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PHc, 1, EnoK-c~,eMa ycTaHOBKH. 
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PHc. 2. YrrpomeHHaH 6noK-cxeMa aneKTpOHHKH, Y -
LlHCKpHMHH8TOp• nC - rrepec'I~T• 0 - OLlHOBH6paTop. 
(T ... A) - speMH-aMrrnHTYLlHhitl KOHBepTop, 
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PHc. 1. EnoK-cxeMa ycTaHoBKH. 
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PHc. 2. YrrpomeHHaR 6noK-cxeMa sneKTpOHHKH. y - ycHnHTenb, n· -
nHcKpHMHHaTop, rrc - rrepec<JeT, 0 - onHOBH6paTop, I - cyMMaTop, 
(T ... A) - ilpeMR-aMrrnHTynHbitl KOHBepTop. 
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qaCTHU. lleTeKTOpbl HMe:nH pa3pellleHHe 50 K8B ,Ha a -qaCTHUaX C 8Hep

rl(left 5,5 Maa. nonHaH aHeprHH E H3MepHnacb crreKTpoMeTpoM Ha ocHoBe 

KpHcTanna Cs J (Tl) c pa3MepaMH 4,0 x 2, 2 eM, KOTOpbifi rrpocMaTpHaancH 

<iJoToyMHO:lKHTeneM <t>3Y -13 ( cq~TqHK 6). CrreKTpoMeTp HMen aHepreTHqec-

Koe pa3pellleHHe 10,5% Ha y -KBaHTax 
6° Co. MHllleHH TOnlliHHOii oKono 

2 
0,15 r/cM pacrronaranHCb Ha paCCTOSIHHH 2,65 CM OT cq~TqHKa 5, 3ana-

IO!II9I'O TenecHbiA yron ycTaHOBKH. TenecKorr H3 cq~TqHKoB 3,4,5, 7 H MH

llleHb noMeUianHCb B BaKyyMHbift OO'beM. 

nanaJOIIIHii nyqoK MIOOHOB ( coananeHHH 12, cxeMa C 1) TopM03HncH 

<iJHnbTpaMH H3 6epHnnHSl H 110nH8THneHa. llnH yMeHblli9HHSl qHcna OCTaH0-

2 
BOK B cq~TqHKe 3 OH Obln H3I'OTOBneH TOHKHM (50Mr/CM ).llHCKpHMHHa-

UHSl HMnynbCOB B cq~TqHKe 3 ( CXeMa n 1) 1103BOnHna OTOHpaTb Te MIOOHbl, 

KOTOpbie 110 CBOHM HOHH3aUHOHHbiM IIOT9pSIM ObinH 6nH3KH K nonHOft OC

TaHOBK9 B MHllleHH. Cq~Tq!-IK 6 (nHcKpHMHHaTop llH, rropor 1 Maa) no

nonHHTenbHO K cq~TqHKY 4 nonaBnSln nponeTHbl9 MIOOHbl nyqKa ( MI'HOBeH

Hbl9 coananeHHH 1246, cxeMbi C2, C4). OcTaHOBKH MIOOHOB a MHllleHH 

( coananeHHH 12346, cxeMa C6) 3anycKanH OllHOBH6paTop aopoT OB. llnH

TenbHOCTb BOpOT ( lO ~ 2 MKC9K) BbiOHpanaCb C yqeTOM Bp9M9HH :lKH3HH 

MIOOHOB B HCCnenyeMOft MHIII9HH. B pa6oqHX ycnOBHSIX Mbl HMenH 30 OCTa

HOBOK B CeK. 3apSl:lK9HHbi9 qacTHUbl ( COBI1all9HHSI 456, CXeMa C8) perHCTpH

poBanHCb 3a apeMH AnHTenbHOCTH HMnynbca aopoT ( cxeMa C9). BpeMH . 
Bbin9Ta 3apS1:1KeHHOft qaCTHUbl OTHOCHT9nbHO OCTaHOBKH MIOOHa onpeAenHnOCb 

c noMOII!biO apeMH-aMnnHTynHoro KOHBepTopa ( cxeMa T-+ A ) • 3aAep:lKKH 

B aneKTpOHHOft CXeMe BbiOHpanHCb TaK, qTQObl HyneBofi OTCq~T BpeMeHH 

npHxonHnCH Ha 1/4 qacTb oT Haqana nnHTenbHoc~ HMnynbca aopoT. 

EcnH 3a apeMH aopoT a ycTaHOBKY aneTan BTopoft MIOOH (cxeMa C5, 

OllHOBH6paTOp 01), TO OllHOBH6paTop 02 6nOKHpOBan perHCTpaUHIO H CaMOH 

OCTaHOBKH (cxeMa C7) H CHI'Han BH9IIIH9I'O ynpaBneHHR aHanH3aTopOM (cxe

Ma ClO). 
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TpexMepHbil!: cneKTP co6biTHl!: ( aHeprHH 3apH:lKeHHol!: 

HOHH3aUHOHHbi9 110T9pH H BpeMSI BbineTa) 3ai1HCbiBanCSI B 

Topa AH-4096 H3MepHTenbHoro ueHTpa lla6opaTopHH Hllep 

noll H3MepeHH9 Ka:lKAOl!: BenHqHHbl OTBOAHnOCb 256 KaHano 

KanH6poBKa cneKTpoMeTpa CsJ 

KanH6poBKa cneKTpoMeTpa CsJ 6bma Bbli10nHeHa Ha 

Hane CHHXpOUHKnOTpOHa. npoTOHbl H ll9l!:Tp0Hbl B03HHKanH 

nepaHqHbiM nyqKOM BbiB9ll9HHbiX 11pOTOHOB 6epHnnHeBQl!: Hll 

llleHefi. Hy:lKHaH 8HeprHH rrpoTOHOB H Ael!:TpOHOB 3aAaBana 

HSIIOII!ero MarHHTa HnH TOniiiHHOH IIOI'nOTHTenH. npH KanH6] 

aanCSl H Kp9MHH9Bb!l!: ll9T9KTOp1 qTo 1103BOnHnO HaM pa3ne 

poBaTb 11pOTOHbl H ll9l!:Tp0Hbl B nyqKe. llBYXMepHbil!: CI19KT 

I'HSI1 HOHH3aUHOHHbl9 110T9pH) 3ai1HCbiBanCH C 110MO!IIbiO aH 

4096. non Ka:lKllyiO BenHqHHY OTBOAHnOCb 256 KaHanCB, 

Ha pRe. 3 npHBeAeH OllHH H3 AByXMepilbiX cneKTpoB, 

<iJHKCHpoBaHHOM HMnynbce 3apH:lKeHHbiX qacTHU. Cneaa H c 

pHCyHKe COOTB9TCTB9HHO IIpHBeAeHbl CI19KTp HOHH3aUHOHHbl 

qeHHbil!: OT KpeMHH9BOI'O ll9T9KTOpa1 H 8HepreTHqeCKHl!: Cl1 

Hbll!: OT cneKTpoMeTpa CsJ. nepBblft 11HK B o6nacTH Ma 

aHepreTRqecKoM cheKTpe (IIIKana E ) o6ycnoBneH np11:cy1 

+ 
1T -M930HOB C TeM :lK9 HMnynbCOM 1 qTo H y npOTOHOB, 

o6ycnoBneH neftTpOHaMH H TpeTHft - 11pOTOHaMH. 

Ha pHc. 4 npHBeneHbi pe3ynbTaThi KanR6poBoqHbiX 11:: 

Hb!9 11pH pa3HbiX 8H9pi'HSIX 11pOTOHOB H nel!:TpOHOB. J13 pHC 

qTO B HCCneAoBaHHOM aHepreTHqeCKOM HHTepBane AnSI Hall 

CsJ (Tl ) caeToBbiXon npoToHOB H nel!:TpoHOB B npenenax 

eT. npH aTOM aHepreTHqecKoe pa3pellleHHe cneKTpoMeTpa 

Ha rrpoToHax c aHeprRel!: "" 60 M aa. 

9 
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TOphi HMe7UI: paaperneHHe 50 K9S 118 a -'18CTHU8X C 9Hep

ITonH8H aaeprHs: E H3Meps:nacb crreKTpoMeTpoM aa ocaose 

C pa3MepaMH 4,0 X 2,2 CM 1 KOTOpbiJ!: rrpocMaTpHBanCH 

(cqeT'IHK 6). CrreKTpoMeTp HMen aHepreTH'Iec-

60 
aa y -KsaHTax Co. MHrneHH ToniliHHol!: oKono 

tacrronaranHCb Ha paccTOHHHH 2,65 eM OT C'leT'IHKa 5, aaaa

ycTaHOBKH. TenecKorr H3 C'leT'IHKOB 3,4,5, 7 H MH-

b S SaKyyMHbiJ!: 06'heM, 

ITy'IOK M!OOHOS ( COSITaaeHHH 12, CXeMa C 1) TOpM03HnCH 

6epHnnHs: H rronHaTHneaa. Dns: yMeHbilieHHH 'IHCna ocTaao-
2 

e 3 OH 6bin H3rOTOSneH TOHKHM (50Mr/CM ),lllfCKpHMHHa-

S C'leT'IHKe 3 ( CXeMa ll 1) IT03BOns:na OT6HpaTh Te M!OOHbi, 

OHM HOHH38UHOHHbiM ITOTepHM 6binH 6nH3KH K rronHOH OC

C'1eT'I!1:K 6 (aHCKpHMHHaTop na, rropor 1 Mas) ao

rroaasns:n rrponeTHbie MIOOHhi rry'IKa ( MrHosea-

1246, cxeMbi C2, C4). OcTaHOSKH MIOOHOS s MHrneHH 

1234B, cxeMa C6) aarrycKanH oaaosH6paTop sopoT OB. DnH

( lQ of 2 MKCeK) Sb!6HpanaCb C y'leTOM BpeMeHH )!(H3HH 

cneayeMOJ!: MHilieHH, B pa60'IHX ycnOSHHX Mbl HMenH 30 OCTa-

3ap.H)!(eHHbie 'laCTHUhi ( cosrraaeHHH 456, cxeMa C8) perHcTpH-

speMH anHTenhHOCTH HMrrynbca so poT ( cxeMa C9). BpeMs: 

eHHOH 'laCTHUbl OTHOCHTenbHO OCTaHOSKH M!OOHa orrpe.aens:nOCb 

Ms:-aMrrnHTyaaoro KoHsepTopa ( cxeMa T-> A ) • 3aaep)!(KH 

CXeMe Sbi6HpanHCb TaK, 'IT06b! Hynesol!: OTC'IeT BpeMeHH 

1/4 'laCTh oT Ha'lana anHTenbHOC~ HMrrynhca sopoT. 

speMH SO pOT B ycTaHOSKy sneTan STOpOH MIOOH ( CXeMa C51 

To oaHosH6paTop 02 6noKHposan perHcTpauHJO H caMol!: 

Ma C7) H cHrHan BHernaero yrrpasneHHR aaanH3aTopoM (cxe-

I . f;l 
" 

'"'j 
I 

TpexMepHbil!: crreKTp co6biTHJ!: ( aaeprHs: aaps:)!(eHaol!: qacTHUhi 1 ee 

HOHH3aUHOHHb!9 ITOTepH H Sp9MH Sbin9Ta) 38ITHCbiSancs: S IT8MHTb aaanHaa

/14/ 
Topa AH-4096 HaMepHTenbHoro ueHTpa lla6opaTopHH s:aepHbiX rrpo6neM • 

IToa H3MepeHHe Ka)!(aOJ!: senH'IHHbl OTSOaHnOCb 256 KaHanos, 

KanH6posKa crreKTpOMeTpa CsJ 

KanH6posKa crreKTpoMeTpa CsJ 6hma Shmonaeaa aa rrpoTOHHOM Ka

Hane CHHXpOUHKnOTpOHa, ITpoTOHbl H ael!:TpOHbl S03HHKanH IIpH o6ny'leHHH 

rrepSH'IHbiM ITY'IKOM ShiBeaeHHbiX rrpoTOHOS 6epHnnHeSQJ!: HnH ypaHOSOJ!: MH

IlieHel!:, Hy)!(Has: aaeprHs: rrpoToaos H ael!:Tpoaos aaaasanacb rroneM OTKno

HHJOmero M~rHHTa HnH TonmHHOJ!: rrornoTHTens:. ITpH KanH6posKe Hcrronbao

sanc.s: H Kp9MHH9Sb!J!: aeTeKTOp1 'ITO IT03SOnHnO HaM paaaenbHO perHCTpH

posaTb rrpoTOHbi H ael!:TpOHhi s rryqKe, llsyxMepHbiH crreKTp co6biTHJ!: ( aaep

rH.s:, HOHHaauHoHHbie rroTepH) aarrHCbisanc.s: c rroMoll!bJO aaanHaaTopa AH-

4096. IToa Ka~y!O senH'IHHy OTsOaHnOCb 256 KaHanCB, 

Ha pHc. 3 rrpHseaea oaHH H3 aByxMepil:biX crreKTpos, rrony'leHHbiJ!: rrpH 

<iJHKCHpOB8HHOM HMIIynbce aapH)!(9HHbiX 'laCTHU, Cnesa H CHH3y Ha TOM )1(9 

pHCYHKe COOTS9TCTB9HHO IIpHseaeHbl CIIeKTp HOHH3aUHOHHbiX ITOTepb1 rrony

'19HHbiJ!: OT Kp9MHH9BOrO aeTeKTopa, H 9HepreTH'I9CKHJ!: CII9KTp1 IIOny'leH-

HbiH oT crreKTpoMeTpa CsJ. ITepSbiJ!: IIHK B o6nacTH ManhiX 3HeprHJ!: Ha .. 
aaepreTH'IecKoM crreKTpe (rnKana E ) o6ycnoBneH rrpHcyTCTSHeM B rry'!:Ke 

+ 
1T -M930HOS C T9M )1(9 HMIIynhCOM 1 'ITO H y IIpOTOHOS, BTopoJ!: IIHK 

o6ycnoBneH aeJ!:TpOH8MH H TpeTHJ!: - IIpOTOHaMH, 

Ha pHc, 4 rrpHBeJleHbi peaynbTaThi KanH5poBO'IHhiX H3MepeHHJ!:, rronyqea

Hhie IIpH pa3HbiX aHeprHHX IIpOTOHOB H aeJ!:TpOHOB, J1a pHCyHKa cneayeT 1 

'ITO S HCCneaosaHHOM aHepreTH'I9CKOM HHTepBane ans: Harnero KpHCTanna 

CsJ(Tl) cBeTOSbiXoa rrpoToHoB H ael!:TpoHos B rrpeaenax ornH6oK cosrraaa

eT, ITpH aToM aaepreTH'IecKoe paaperneaHe crreKTpoMeTpa cocTaBHno "'5% 

Ha rrpoToHax c aaeprHel!: == 60 Mas, 
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Puc. 5. Pacnpe.oeneHHe aapSI>KeHHbiX qacTHU no HOHHaauuoHHbiM noTepSIM H non

HOI aHeprHH ADH "° Ca 
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06pa6oTKa peayabTaTOB 

BcH noay'leHHaH HH~OpMaUHH o6pa6aTbiBaaacb Ha 3B. 

Ha pHCo 5 npHBe.oeH O.OHH H3 xapaKTepHbiX .oByxMepHbiX en 

nony'leHHbiA Henocpe.OCTBeHHO BO BpeMSI H3MepeHHA. Oo OC 

qeHHSI aHeprHH H HOHH3aUHOHHbiX noTepb 0 Bb!pa>KeHHbie B :H 

Topa •. HeTpy.OHO BH.[leTb, 'ITO BCe TO'IKH o6pa3yiOT TpH OCI 

HH>KHSISI .Oopo>KKa COOTBeTCTByeT nponeTHbiM MIOOHaM H pa 

HaM, cpe.OHSISI - npoToHaM H BepXHSISI .OOpO>KKa - .oeATpoHa 

npuee.oeH o.OHH H3 nony'leHHhiX cneKTpoB Mace aapSI>KeHHhi 

a6cuucc oTno>KeHhi aHa'leHIHl npouaee.oeHHSI ( E dE I d x ) 

HblX e.OHHHUaX o Ha cneKTpe SICHO Bbi.OeDSIIOTCSI TpH nHKa, C 

TpeM .oopo>KKaM Ha pucyHKe 5 B Toft >Ke nocne.ooBaTenbHO 

oTC'I~TOB Ha KpaiO cne!{Tpa Mbl HHTepnpeTHpyeM KaK Sl.[lpa 

Ha cneKTpe yKa3biBaiOT nono>KeHHSI nHKOBo 

Oocne paa.oeneHHSI 3apSI>KeHHbiX 'laCTHU no MaCCaM I 

HH.OHBH.OyanbHOe BOCCTaHOBneHHe nODHOA 3HeprHH npOTOHo: 

SI.Oep TpHTHSI: y'IHTbiB8DHCb aHepreTH'IeCKHe noTepH B MH!l 

Ke 4. 

Opu ~oHOBbiX uaMepeHHSIX .onH coxpaHeHHSI o6mero :H 

ea Ha nyTH qacTHU MHmeHb pacnonaranacb Me>KnY cq~T'Il 

MepeHHSI 6e3 MHUieHH noKa3aDH, 'ITO OCTaBUIHACSI C'I~T aa 

o6ycnoeneH OCTaHOBKaMH MIOOHOB H HX nocne.OyiOUIHM aaX 

.oeTeKTOpe (c'I~T'I~K 3). 3TO n03BODHDO HaM He npOBO.OH~ 

B aHepreTH'IeCKOM cneKTpe .ODSI 
28 Si. .UnH ocTanbHhiX 11 

~OHa Mbl Bbl'IHTaDH H3 H3MepeHHOrO 3HepreTH'IeCKOrO CIIt 

28Si , OTHOpMHpOBaHHbiA Ha 'IHCDO OTC'I~TOB 6e3 MHUIE 

B CoOTBeTCTByiOUieA cepHH H3MepeHHA. 
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Q6pa60TK8 pesyobTaTOB 

Beg nony'leHHaR HH!flopMaiiHSJ o6pa6aTbiBanacb Ha 3BM B3CM-6 011.RI1. 

Ha pHc, 5 npHseaeH OJlHH H3 xapaKTepHbiX asyxMepHbiX cneKTpoB 'laCTHII, 

nony'leHHbiA HenocpeJlCTBeHHO BO BpeMSI H3MepeHHA. ITo OCSIM OTOO)KeHbl 3H8-

'leHHSI aHeprHH H HOHH3aiiHOHHblX noTepb 0 Bb!pa)KeHHbie B KaHaoaX aHaOH38-

Topa. HeTpyJlHO BHJleTb 0 'ITO BCe TO'IKH o6pa3yiOT TpH OCHOBHbie JlOpO)KKH, 

HH)KHSISI JlOpO)KK8 COOTBeTCTByeT npooeTHblM MIOOHaM H pacnaJlHbiM aoeKTpO

HaM, cpeJlHRR - npoToHaM H sepXHRSJ aopo)I{Ka - aeATpoHaM. Ha pHc. 6 

npHBeJleH OJlHH H3 nony'leHHblX cneKTpOB MaCC 3apg)KeHHblX 'laCTHilo ITo OCH 

a6cnHcc oTno)KeHbi sHa'leHHH npoHsseaeHHSJ ( E dE I d x ) B oTHOCHTenb

HbiX eJlHHHIISX • Ha cneKTpe SICHO BbiJleORIOTCSI TpH nHKa, COOTBeTCTBYIOIUHe 

TpeM JlOpO)I{KaM Ha pHcyHKe 5 B Toil )Ke nocneaoBaTenbHOCTH. HecKonbKO 

oTC'I~TOB Ha KpaiO cne){Tpa Mbi HHTepnpeTHpyeM KaK RJlpa TpHTHR. CTpenKH 

Ha cneKTpe yKa3b!B810T nono)KeHHH nHKOB, 

ITocne pasaeneHHSJ sapg)KeHHbiX qacTHII no MaccaM npoH3BOJlHnocb 

HHJlHBHJlyanbHOe BOCCTaHOBOeHHe nOOHOA aHeprHH npOTOHOB 0 JleitTpOHOB H 

SIJlep TpHTHSJ: y'IHTbiBaOHCb aaepreTH'IeCKHe noTepH B MHilleHH H B C'I~T'IH

Ke 4 • 

ITpH !floHOBbiX H3MepeHHSJX JlOR coxpaHeHHR o6mero KOOH'IeCTBa aemecT

aa aa nyTH qaCTHII MHilleHb pacnonaranacb Me)KJlY C'I~T'IHKaMH 4 H 5, 113-

MepeHHSI 6e3 MHilleHH noKa380H 0 'ITO OCTaBillHACSI C'I~T 3apg)KeHHbiX 'laCTHII 

o6ycnOBOeH OCTaHOBKaMH MIOOHOB H HX nocneJlyiOIUHM saXBaTOM B KpeMHHeBOM 

JleTeKTope (c'I~T'IHK 3), 3To n03BOOHOO HaM He npOBOJlHTb Bbl'IHTaHHe !floaa 

B aaepreTH'IeCKoM cneKTpe JJ.nR 
28 Si. .UnR ocTaobHbiX MHmeaeA B Ka'leCTBe 

!floaa Mbi Bbi'IHTanH H3 H3MepeHaoro aHepreTH'IecKoro cneKTpa cneKTP JlOR 

.2
8
Si 0 OTHOpMHpOBSHHblit Ha 'IHCOO OTC'I~TOB 6e3 MHilleHH, nony'leHHOe 

B COOTBeTCTBYIOIUeft cepHH H3MepeHHit, 
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06pa60TKa C06hlTHA o6ner•ranacb TeM, 'ITO, KaK IIOKasan aaanH3 

speMeHHb!X CIIeKTpos, cPOH cny'laftHbiX COSIIa,lleHHft OTCyTCTSOSan. BpeMeHHOA I I I z~ I ~I ~I !1 ~I ~I ~I ~I !1 t;l ,:!; 

aaanH3 Ha'IHHanCH CIIYCTH 50 HCeK IIOCne OCTaHOSKH MIDOHOS S MHllieHHo 3TO 

Y'IHTbisanocb rrpH orrpeaeneHHH sepoHT1IOCTH SbineTa sapH)KeHHbiX 'laCTHU I i 
~~ 

S SH,lle IIOIIpaSO'IHOrO MHO)KHTenHo Dony'leHHb!e HaMH S aKCIIepHMeHTa Spe-

I "'I 1'- Q) 1'- CC '<!'It) C') C') C') C') N- C'll 

Meaa )KH3HH MIDOHos aa HccneayeMbiX Hapax xopomo cornacyiDTCH c o6merrpH-
z +I +I +I +I ~I +I (11 ~I +I +I +I +I + 

~ ~ ~ ~ ~ ~ - ~ - ~ 

HHTbiMH 3Ha'leHHHMHo 

'<!' It) '<!' It) '<!' t N '<!' C') - C'll 

3KCIIePUMeH'ran!':>f!J:>Ie _ _pe9X_nbTaTbl ... I d z~ I 
+I +I (11 # -t-1 I +I +I +I +I +I 
~ ~ - ~ = ~ ~ ~ - ~ 

Ha pHc. 7 rrpHseaeHbi HsMepeHHbie aaepreTH'IeCKHe crreKTpbi anH 
IQ 
0 = <II 0 

rrpoToaos c aaeprHeft 6onbme 15 Mas H aeATpoaos c aaeprHeA 6onbme c. ~, 1- IN C') 0: - - - ~ 00 ~ ~ ~ ~ ~ 
32 Q) z"' +I +I Jil ;tl ~I +I +I +I t1 t1 +I Jil ~ 

18 Mas, IIony'leHHbie OT saxsaTa MIDOHOS H,llpaMH S • 3aepreTH'IeCKHe I:( C') N 1'- 1'- 1'- '<!' - It) 

= = ~ ~ ~ ~ ~ ~ - - -
crreKTpb! llpOTOHOS H aeftTpOHOS, rrony'leHHbie aa OCTanbHb!X MHllieHHX, HMe- IQ 

0 = 
IDT ananorH'IHbiH xapaKTep H rrpHseaeHhi s Ta6n. 1. YMeHbmeaHe 'IHCna rrpo-

0 
1-
0 - c. 

TOHOS C aaeprHeA Menbme 14 Mas H aeftTpOHOB c aaeprHeft MeHbme 17 Mas c:: 
01 
1:1 :a 

I~ z~ I t 1'- a:> 1'- '<!' '<!' C') C') C') C') N 
TeneCKOITe. 0mH6KH 0 yKasaHHbie Ha = c. 

Sb!3SaHO HX IIOrnoiiieHHeM S cneKTpax,- 0:: 1- r-1 (11 ~I Jil ~I ~I ;tl _tl rt1 _tl J;l ~ 
\0 114 
01 Q) et) (\,1 et) - -

cTaTHCTH'IeCKHe. OcaosayiD aeorrpeaeneHHOCTb no aaeprHH anH npoToHos f-o c:: 
0 

Cl) 

C aHeprHeA ,llO 20 MaB SHOCHT pas6poc HOHH3aUHOHHbiX IIOTepb S MHllieHH = 114 

I I 
I 0 It) N 0 

Q) p, ---CDO)I""--C'OC()~('I')C')~CI 

< :!:.0,8 Mas), a rrpH 6onhmHx aneprHHX - paspemeHHe crreKTpoMeTpa :r z +I +I +I +I +I +I +I ~I (11 +I +I +I ~ 
= CQ o ro ~ ~ '<!' - ro ro '<!' 
1- 00 ~ (\,1 ~ C') - -

CsJ ( < :!:.1,4 Mas). 
Q) 

""' - c. 
Q) 

.llnH rrony'leHHH ,llHcjlcjlepeHUHanbHbiX sepOHTHOCTeH SbineTa llpOTOHOS 
= (1) 

I~~ z~ I H aeATpOHOB S HHTepsane 1 Mas aeo6xoa~Mo yMHO)KHTb aaHHbie anH ~ co ~ co ~ C') ('I') l ('I') ~ - • 
+I (11 +I +I +I +I +I I +I +I # ~ 
- ~ ('I') 00 0 - (\,1 ~ (() 

aaepreTH'IeCKHX cneKTpOS Ha COOTBeTCTSYIDIIIHe KoacjlcjJHuHeHTbl 0 paSHbie: 
('II C') '<!' C') - -

-5 28 Si -5 32 -5 40 1,60·10-5 
0,73•10 anH , 0,96.10 anH S • 1,27·10 anH Ca H 

anH 64 Cu . I "'I~~~Q)I'-1'-(l)(l)'<t' N• z +I ~I (tl ~I gl _tl _tl ,:tl Jil 11 ll (11 

BSH.llY ManoA CTaTHCTHKH, rrony'leHHOA .llnH H,llep TpHTHH 0 Mbl ,llaeM ~ ('I') 0 00 ~ ~ (\,1 - - -- -
TOnbKO OUeHKH HHTerpanbHbiX BepOHTHOCTeA SbineTa H,llep TpHTHH Ha HCCne- ~ 

Q) 

s 
,llOSaHHblX MHllieHHX ( CM. Ta6n. 2). = ::! 

-;;; 
(1) 1:: ::!: 1'- ~ C') co Q) N It) ro - '<!' 
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a co6bJTHt!: o6ner•Ianac& T8M 1 'IT01 K8K IIOK83an aaanH3 

OTCYTCTBOBan. BpeMeHHot!: I I I z .. j ~ C') C') C') C') N N N 
~I ~I ~:) ~I ~I t,l ~I ;!) ~I :!:1 !) 

crryCTSI 50 HC8K IIOCne OCT8HOBKH MIOOHOB B MHIII8HHo 3To 

orrpeaeneHHH B8pOSIT:iOCTH Bbin8Ta 38pSI:lK8HHbiX '18CTHU 

I 
CDl 
~ 

O'IHOrO MHO:lKHTenSI, ITony'leHHbie HaMH B sKcrrepHMeHTe.. Bpe-

I ~, ~ ~ ~ ~ ~ ~ C') C') C') C') N- N---

MJOOHOB aa ~rccneayeMbiX Siapax xopolllo cornacyJOTCSI c o6IlleiipH-
z ~I t,l gl ~I ~I ~I c1;1 ~I ~I ,:tl ~I ,:tl ~I ,:tl ,:tl ,:tl 

~ ~ ~ - -
'18HHSIMH, 

... IJ z .. , '11 ~I ~I ~I 'tl 11 ~I 11 ~I '+1 ~I :tl ;£1 3KCII8PHM8HTan&Hbl8 P83YnbT8Tbl C') ~ cb ~ N - C') ~ ~ - C') - - - ... -
IIpHB8Ll8Hbl H3MepeHHbl8 SHepreTH'I8CKH8 CII8KTpb! JlnSI Ill 

0 

= 0 

1 aettTpOHOB C saeprHeA 6on&Ille c. 
E-

IN C') 01111 g, ---CDCOl-COlO ~Cf)(W)-C"JC\1-
32 .GI z +I +I ~I ~I ~I +I +I +I '11 +I +I +I +I +I +I +I 

HHbi8 OT 38XB8Ta MIOOHOB SIL{paMH S • 3aepreTH'IeCKHe 1:1 ~ ~ r- r- r- ~ - ~ ~ C\1 ~ (W) -

= = ~ CD ~ lO ~ C\1 - -

HOB H L{8i!:TpOHOB 1 rrony'leHHbie aa OCTanbHbiX MHIII8HSIX1 HM8- Ill 
0 

= 
XapaKTep H IIpHB8L{8Hbl B Ta6n, 1. YMeH&IlleaHe 'IRena rrpo-

0 
E-
0 - c. 

M8Hblll8 14 M sB H aeATpoaoa c saeprHel!: MeH&Ille 17 MsB = 
Ill 

= :0 

I~ z .. , 1 ~ ~ ~ 1 ~ C') C') C') C') N -
TenecKorre. 0IIIH6KH, = c. 

~I c1;1 ~I ~I C')l t,l ~I ~I ttl ~I :,1 ~I rrornollleHHe M B yKa3aHHbie aa CII8KTpax,- 0:: E-
\0 1.: 
Ill Ql o:> C\1 0':) - -

e. OcHOBHYJO aeorrpeaeneHHOCTb rro saeprHH anSI rrpoToHoB f-o t: 
0 

Ql 

M SB BHOCHT pa36poc HOHH38UHOHHblX IIOTepb B MHIII8HH = 1.: 

I I I 0 ~ N 0 
Ql ~ - - - CD ~ l- CO lO ~ (W) Cf) N Cf) - C\1 -

a IIpH 6onbiiiHX SHeprHSIX - pa3p8II18HH8 CII8KTpOM8Tpa tl' z +I +I ~I +I +I +I +I ~I c1;1 +I +I +I c1;1 +I +I +I 
= ~ 0 ~ ~ ~ - ~ ~ ~ - ~ N 
E- ~~ ~C'?--
Q) 
~ c. 
Q) 

Y'I8HHSI JlH!jlljlepeHUHan&HblX B8pOSITHOCT8H Bbin8T8 IIpOTOHOB 

J 
= (1) 

HHTepBane 1 M sB aeo6xoaHMo yMHO:lKHTb aaHHbie ahSI I ) z .. l ~ co r- co ~ Cf) Cf) l Cf) C\1 - - C\1 -+I il;l ttl +I +I +I +I Nl +I +I +I ~I +I +I 
- Cf) CO 0 - l- lO N ~ -

CII8KTpOB Ha COOTB8TCTBYIOIIIH8 KOS!jlljlHUH8HTbi 1 
N C') ~ C') - -paBHbie: 

-5 32 -5 40 1,80·10-5 0,98.10 anSI S • 1,27·10 anSI Ca H - I I 

~ ~ ~ ~ m r- r- lO lO ~ N - Cf) 

z +I +I ~I ~I gl ttl ttl ,:tl ~I 11 J;1 c1;1 ,:tl ttl 
JlnSI SIJ18p TpHTHSI 1 Mbl Jl88M I I 

~ ~ 0 ~ ~ N N - -- -
HHTerpan&HbiX BepoSITHOCTeH Bbin8Ta SIJ18p TpHTHSI Ha HCCne- Ill 

Q) 

!3 
= ~ 

-;;;: 
()) 

I= ::!: ~ ~ ~ co ~ N ~ ~ - ~ ~ !iS 
C') ~ 

~ - N N C') C') C') ~ ~ ~ ~ ~ 
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Ta6nuua 2 

HHTerpanbHbie BB,:>ORTHOCTH BbineTa RJlep TpHTHR JlnR SHeprHA: 

6onbwe 24 M sB 

MuweHb KpeMHHil: Cepa KanbuHA: MeJlb 

E> 24 MsB) 

10
4 0, 7±_0,4 0,3±,0,3 > 0,7 0,5±_0,5 

--
Ha puc. 8-10 rrpuBeJleHbi UHTerpanbHbie aepoRTHOCTH BbmeTa rrpo-

TOHOB, Jl8A:TpOHOB U 38p51)1{8HHbiX '18CTUU H8 OI1UH 8KT 38XB8T8 IIpH pa3HbiX 

IIOpOI'OBblX SHepi'USIX B 38BHCUMOCTH OT 38PSII18 S!Jlp8 MHW8HU. nnaBHbl8 

KpUBbl8 H8 pHCYHK8X 06'bei1UHSIIOT JlJISI H8I'nSII1HOCTU COOTB8TCTBYIOIUHe 

sKcrrepuMeHTanbHbie TO'IKU. Ha pHc. 10 HaHeceH pe3ynbTaT, rrony'leHHbiA: 

/13/ 
a rpyrrrre BaA:ceH6epra 11nSI 3apSI)KeHHbiX qacTHU c sHeprueA: 6onbwe 

25 M SB Ha TSI)KenbiX Sil1p8X <flo TO SMY nbCUH ( Z = 41). 

A6coniOTHbiA BbiXOJl rrpoToHoB (puc. 8) a 3aBHCHMOCTH. oT 3apSII1a 

S111p8 HMeeT M8KCUMYM B o6naCTU Z = 20. npu SHeprHH 6onbWe 15 MsB 

-3 28 -3 
• BbiXOI1 rrpoToHoB MeHSieTCSI oT ( 8,8±_0,6) •10 11nS1 Si 110 ( 13,0±_1, 1) .10 

11nS1 
4° Ca , r11e 110CTHraeTcSI MaKCHMyM, a 3aTeM 6biCTpo crra11aeT 110 

) -3 64 
( 6,0±_0, 7 ·10 11nSI Cu 

A6coniOTHbiA BbiXOI1 11eA:TpoHOB (pHc. 9) rrpH sHepruH 6onbwe 18 Msa 

) -3 
pacTeT C yMeHbW8HH8M 38pS1118 Sll1p8 OT ( 1,0±_0,3 •10 11nSI Mei1H 110 

) -3 
( 3,3±_0,3 .lQ 11nSI KpeMHHSI. 

/6 10 IE 
HHTepeCHO OTM8THTb 0 'ITO 11nSI MSII'KOA '18CTU CII8KTpa B pa60T8X ' ' 

BbiX011 38pSI)K8HHbiX '18CTUU IlpH 38XBaTe MIOOHOB H8 Sll1p8X C ManbiMH Z 

( Z = 5-tlO) IIOny'leH 6onee Bb!COKHM, 'leM Bb!XOI1 38pSI)KeHHbiX '18CTUU 

IIpH 38XBaTe MIOOHOB Ha 5111p8X C 60nbWHMH 3H8'1eHHSIMU Z ( Z =35-t 50), 

Ha pHC. }} IIpHB8118Hbl B 38BHCHMOCTH OT 38pS!Jl8 Sll18p OTHOCHTenb

HbJe BbiXOI1bi rrpoToHOB u 11ell:TpoHoB B rrpoueHTax K OQ~IUeMy BbiXOI1Y 3apg-

- -:-
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Ta6mrna 2 

panbHbie B9,JO.HTHOCTH BbJneTa .11/lep TpHTHSI JlnSI SHeprHA 

6on~:.me 24 M ss 

KpeMHHA Cepa KanbrtHA Mea~:> 

0, 7;!:_0,4 0,3;!:_0,3 > 0,7 0,5;!:_0,5 

HHTerpanbHbie BepoSITHOCTH BbmeTa npo-

H aap.H)f(eHHhiX qacTHU Ha OllHH aKT aaxBaTa npH pa3HhiX 

B 38BHCHMOCTH OT 38pSI/la Sl/lpa MHlli9HH, nnaBHb!e 

06'b9/lHHSI JOT JlnSl Harn.H/lHOCTH COOTB9TCTBYIOIIlHe 

Ha pHc. 10 HaHecen peayn~:.TaT, nony'l:eHHbiA 

Jln.H 38pSI)f(eHHb!X 'l:8CTHU C SHeprHeA 6onbWe 

.11/lpax ~OTOSMynbCHH ( Z = 4J), 

npOTOHOB (pHC, 8) B 38BHCHMOCTH. OT 38pSI/l8 

o6naCTH z = 20, npH SHeprHH 6on~:.we 15 Mas 

) -3 28 -3 (8,8;!:_0,6 •10 ansr Si ao (13,0;tl,l).10 

MaKCHMyM, a 38TaM 6biCTpO cnaaaeT /lO 

BhiXO/l aeATpoHoB (pH c. 9) npH sHeprHH 6on~:.we 18 Mas 

) -3 
srapa oT ( 1,0;!:_0,3 ·10 ansr Ma/lH ao 

/6 10 IE 'ITO ansr MsrrKoA qacTH cneKTpa B pa6oTax ' ' 

IIpH 38XBaTe MIOOHOB Ha Sl/lpax C ManbiMH Z 

eH 6onee Bb!COKHM, 'l:eM Bb!XO/l 38pSI)f(eHHb!X 'l:8CTHU 

B Ha HJlpax C 6onblliHMH 3H8'19HHHMH Z ( Z =35-t 50),. 

1IpHB9/leHbi B 38BHCHMOCTH OT 38pSI/l8 H/lep OTHOCHTenb

B n aeifTponoa a npoueaTax K oq_rueMy BbiXO/lY aapg-
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3HepeuR ( M3G) 

PHc. 12. flonHhiH aHepreTH'feCKHH cneKTp aapHJKeHHbiX qacTHU npH aaxBaTe oTpHuaTe.nbHbiX 

MIOOHOB H.npaMH 
28 

Si. To'fKaMH OTMe'feH cneKTp, B3HTbii1: H3 pa6oTbi/ 12/, KpyJKO'fKaMH 

OTM9'f9H 9H9p1"9TH'f9CKHH cneKTp 38pHJK9HHblX 'f8CTHU 1 no.nyqeHHbiH B H8CTOHIU9H pa6oTe. 



JKeHHbiX t~acTHU JlnSI sueprHA 6on&we 18 Msa. MoJKHO BHileT&, 'ITO IlOna 

Jl9ftTpOHOB B o6meM 'IHCne 3apSI:lK9HHbiX t~aCTHU MOHOTOHHO paCTeT C yMel{b

W9HH9M 3apS11l8 S11lp8 OT ( 17±_4 )% llml u Cu llO ( 34±.2)% llnSI KpeMHHSI, 

nollo6H8SI 3aBHCHMOCT& JlnSI sueprHA 6 .f 25 Msa H86moll8n8c& H B p86o-
/10/ . 

Te B8Aceu6epr8 H llP• t B KOTOpOA 8BTOpbl ll8IOT oueHKY llOnH ll9ATpo-

HOB H Slll9P TpHTHSI B o6meM 'IHCne 38pSI:lK9HHbiX '18CTHU 0 p8BHYIO 16% llnSI 

TSI JKenbiX Slll9P H 60% JlnSI nerKHX Slll9p cfJoTO 9Myn&CHH. 

H8 puc. 12 npellCT8BneH nonHbiA suepreTH'IeCKHA cneKTP 3apsrJKeHHbiX 

'!8CTHU OT 38XB8T8 OTpHU8Ten&HbiX MIOOHOB H8 KpeMHHH. B HHTepB8ne 
/12/ 

0 .. 26 MsB cneKTp B3SIT H3 p860Tbl • npu 9HeprHH 6on&we 18 MsB 

cneKTp npellCTaBneH ll8HHbiMH H8CTOSimeft p860Tbl 0 OTHOpMHpOB8HHbiMH 
I 12/ 

K 'IHCny OCJaHOBOK MIOOHOB B pa6oTe , 

B 38KniOt~eHHe 8BTOpbi Bbip8JKaiOT rny6oKyiO 6n8I'Oil8pHOCT& 

B.B. ABil9A'IHKOBY H o.B. no:lKKHHY 38 H3I'OTOBneHHe KpeMHH9BbiX ll9TeK

TopoB, B.H. KoMapoay H O.B. C8B'IeHKO 3a noMom& npH K8nH6poBO'IHbiX 

H3MepeHHSIX
0 

C.C, fepwTeftHy H p .A. 8p8MJKSIHY, 38 none3Hbl9 o6cyJKileHHSI 0 

H.A. IOTn8HilOBY H H.M. Ara686SIHY 38 noMotn& B pa6oTe. 
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aaeprHA 6on&we 18 Mae. Mo)f<HO BH.Il9T&, 'ITO .llOml 

o6WeM 'IHCne 38pSI:lK9HHbiX '18CTHll MOHOTOHHO p8CT9T C YM8H.b

a H.llpa oT ( 17;!:.4)% .QnH 
64 Co .llO ( 34±.2)% .llnsl xpeMHHH, 

HMOCT& .QnH aaeprHA 6 .. 25 M aB ua6mo.llanac& H B pa6o-
/10/ . 

pra H llP• 1 B KOTOpoA BBTOpbi .ll810T OUeHKy .llOnH .QeATpo-

TpHTHH B o6WeM 'IHCne 38pH)f(eHHbiX '18CTHU 1 paBHYIO 15% .lln51 

60% .llnH nerKHX H.llep ~OT03Myn&CHH, 

npe.QcTaaneH nonabrA aaepreTH'IecxHA cnexTp 38pH)f(8HHbiX 

XB8T8 OTpHU8Ten&HbiX MIOOHOB H8 KpeMRHH, B HHT9pBane 
/12/ 

cneKTP B3HT H3 pa6oTbi • npH aaeprHH 6on&we 18 Mae 

H8CTOHIUeA pa60Tbi1 OTHOpMHpOB8HHbiMB 
I 12/ 

MIOOHOB B p860Te , 

8BTOpbi Bbip8)f(8JOT rny6oKy10 6n8rO.Il8pHOCTb 

O,B, flO)f(KHHy 38 H3rOTOBneHHe KpeMHHeBbiX .ll9TeK

KoMapoBy H O.B. C8B'IeHKo 38 noMOIIl& npH K8nH6poBO'IHbiX 

C.C. fepwTeAay H P.A. 8p8M)f(HHY, 38 none3Hbre o6cyJKAeHHH, 

H H.M. Ara6a6Hay 38 noMom& B pa6oTe. 
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