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Hay'leHHe SMHCCHH T.SDKenbiX 3ap.SOK9HHbiX 'IBCTHU, COfipOBO;)I{Ll8IOIUeft 

HLiepHbiA aaxaaT p. -MeaoHoa, noaaomreT nony'IHTb noneaHyiO HH4JopMauHIO 

0 M9X8HH3Me 38XBaTa MIOOHOB HLlpBMH. TaxHe 'IBCTHUbl (H30TOfibl BOLlOPOLlB 

H renHH) He o6paayiOTC.sr HerrocpeacTseHHo B sneMeHTapHoM aKTe 'leTbipex4Jep

MHOHHoro B38HMOL19ftCTBHH MIOOHa C npoTOHOM BLipa, HO MOI'YT HCfiYCKBTbCH 

nH6o HcrrapeHHeM Ha aoa6y~eHHoro .srapa, B03HHKBIOIUero npH ,.- -aaxaaTe, 

IIH60 Bbi6HBaTbCH H3 HLlPB HeftTPOHBMH fiP.si:MOI'O fiPOUecca p. + p -+ D + II• 
HnH, HBKOHeU, rrony'IBIOT 9HeprHI00 LlOCTBTO'IHYIO an.sr BbiXOila H3 .srapa, BCnea-

CTBHe xoppen.srUHH ayxnoaos BllepHoro semecTsa. B pa6oTe ( 1/ noxaaaHo, • 

'ITO CTBTHCTH'Iecxa.sr MOilenb He o6~.srcH.sreT Ha6niOaaeMoro12i Bhlxoaa npoTo

HOB IIpH 38XB8Te MIOOHOB T.sJ;)KenhlMH HLlPSMH, IIOSTOMy HHTepnpeTSUHB 9XCIIepH-

MeHT8nbHhlX aaHHbiX Tpe6yeT 6onee aeTanbHoro noaxoaa. Tax, cornacao 

pSO'I~T8M 3HHI"epa/3/ 0 Ha6niOLISeMa.sr 9MHCCH.sl npOTOHOB MO;)KeT 6hlTb peaynb

TSTOM 38XB8T8 MIOOHOB LlBYXfiPOTOHHhlMH Kn8CTepaMH fiOBepxHOCTHOI"O cno.sr 

.slllPSo 0pHCYTCTBHe npOTOHOB C OTHOCHTenbHO BhlCOXOft 9HeprHeft (llO 80 ~SB) 
B CIIeXTpe HCIIYCKSeMbiX 'ISCTHU npellCK83biB8eTc.sr/4/ XSK cnellCTBHe 38XB8T8 

MIOOHOB BHpTyanbHbiMH IIHOHSMH 06MeHHbiX TOXOB B .slllpe. TeopH.sr KOnneKTHB

HOI'O B036y;)I{Ll9HHB BliPS IIpH ~- -38XB8Te/B/ IIP91lCK83hlB8eT pe30H8HCHYIO 

CTpyKTypy 9HepreTH'I9CKOI'O ClleKTpa IIpOTOHOB/6/ B peaKUHHX THIIS A(p.-,Vp)B. 

TaKHM o6pa30M 0 HCIIYCKSHHe TH;)K9nbiX 38pH;)K9HHblX 'IBCTHU, COBIIpOBO;)K

IlSIOIUee p. -aaxaaT, no-BHilHMOMy, .sran.sreTc.sr rrpoueccoM, 'IYBCTBHTenbHbiM 

K M9XBHH3MY HllepHOI'O 38XBaTa MIOOHOB, B 'IBCTHOCTH, K BnHHHHIO Ha IIpouecc 

~ -aaxaaTa nyxnoHHbiX xoppenHUH~. OaHaxo HHaxaH aepoHTHOCTb npo-

uecca, Heo6XOLlHMOCTb perHCTpBUHH "!SCTHU C ManbiMH IIpo6eraMH H BbiCOKHe 

Tpe60B8HHH K 'IHCTOTe MIOOHHOI'O IIY'IKB 38TPYLIHH10T . SKCnepHMeHTanbHOe 

HCCneaoBBHHe HBneHHH. Tax, LlO HBCTOHlUero BpeMeHH OTCYTCTBYIOT Ll8HHbi9 Ll8lK9 0 
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llOilHOil: aepOSITHOCTH ·aMHCCHH 38pSI:lKeHHbiX '18CTHU npH p. -38XBaTe B llpOCTOM 

ae!lleCTBe C z > 2, 0CHOBHbie aKcnepHMeHT8JlbHbie pa60Tbl B aTOM HanpaaneHHH 

6hli1H BbmonHeHbi tlJoToaMyilbCHOHHOil: MeTOllHKoil:l 2, 7 I, a T8K:lKe MeTOllHKoil: 

. 181 
.QHQltPY3HOHHOil: KaMepb! , 'ITO He n03BOJ1HJ10 Bb!AeJISITb C06biTHSI 38XB8T8 MIOO-

HOB S1/lp8MH onpe.QeJieHHOrO aneMeHT8. Jii.QeHTHtPHK8UHSI C06biTHil: 38XB8T8 51.Qp8MH 

nerKOil: KOMnOHeHTbl tPOTOaMyilbCHH ( C , N • 0 .) , OCHOBaHH851 Ha KpHT9pH

SIX, TO'IHOCTb KOTOpb!X He npeBbi!ll89T 20%, .QaeT llilSI YK838HHOII: BepOSITHOCTH 

sHa'leHHe W = 0,15. JilsyqeaHe pacmenneHHSI onpeneneHHoro SI.Qpa MJOOH8MH 

aKcnepHMeHT8JlbHO B03MO:lKHO B ny3bliJbKOBbiX KaMepax •. !aK, B pa6oTei9/HcnOJib-

30B8J18Cb KaMepa C nponaHOBbiM H8nOJIH9H)'I9M,' HO 3aperHCTpHpOB8HO TOJlbKO 

3 cny'laSI p.- -38XB8T8 C o6pa30B8HH9M BHilHMOil: 3B93llbl 0 npH'I~M nony'leH-

HOe 3H8'1eHH9 W • 0,03 CY!ll9CTB9HHO OTJI.H'I89TCSI OT tPOTOaMyJibCHOHHbiX ll8H

Hb!X. p.- - 38XB8T SlllpOM H90H8 H86JI!Oil8JIC511 101 B :lKHllKOBOilOpOilHOil: K8Mepe 

C npHM9Cb!O Ne,llOCT8TO'IHOil: llJIR a~eKTHBHOrO nepeXB8T8 MIOOHOB H3 M930MOJ19-

KYJI BOilOPOil8 K 8TOM8M Ne • Dony'leHHOe B aTOll: pa6oTe 3H8'19HH9 BepOS!THO

CTH o6pa30B8HHSI 38pSI:lK9HHOil: '18CTHUbl C npo6eroM, 60JibliiHM, '!eM npo6er 

npoTOHOB c aHeprHeil: 4,4 Mas, aa OllHH aKT p. - 3axsaTa B Ne passo 

W = 0,05 :!:. 0,015. PacxO:lK/l9HHe c pesyilbTaTaMH, noily'leHHbiMH tPDTOaMyilb-

CHOHHoll: MeTOAHKOil:, MO:lK9T 6b!Tb Bbi3B8HO ilH60 TeM, 'ITO 3H8'19HHSI W CHilbHO 

0TilH'1810TCSI A8:lK9 AilS! 6ilH3KHX no 8TOMHOMY HOMepy S!Aep, ilH60 TeM, 'ITO 

nopor perHCTpaUHH '18CTHU B pa6oTax19,101 Bbllll9 0 '19M B tPOTOaMyilbCHOHHbiX 

pa6oTaX, rae OH COCT8BilSI9T AilS! npOTOHOB OKOilO 1 Mas, 

B HaCTOSIIIIeil: pa6oTe MeToAOM H30TponHoil: paspSI.!lHoil: xaMepbi ( HPK) 

H3MepeHa B9pOSITHOCTb aMHCCHH TSI:lK9ilbiX 38pS1)1(9HHblX '18CTHU C npoi5eroM 0 

6oilbllle npo6era npoTOHOB c aHepraell: 1, 1 Mas npH p.- -saxsaTe 51ApoM N e • 

CxeMa cfK>pMHpoBaHHSI l13''1K8 H pacnoilO:lKeHHe annapaTypbi npHBeAeHbi 

B paHee orry6ilHKOB8HHoil: pa6oTel 11 1• · Me3oHHbiii: nyqox CHHxpouHKnoTposa 

TOpM03HilCSI tPHilbTpOM, nornOIII810IIIHM , -Me30Hbi, DpoxoAsrmHe tlJHn&Tp 

p. -M930Hbl OT6Hp8i1HCb 38T9M no HMnynbCY H BpeMeHH npOil9T8 TaK, 'ITO ny

'IOK MIOOHOB C aHeprHeil: 4, 7 Mas H pa36poCOM npo6era 75 Mr.cM-2.CH OCT8H8B

ilHB8JICSI a pa6o'!eM o6'beMe (80x80x30 cM3) HPK, sanonsessoM aeoHoM 

rrpH aTMoctlJepsoM aaBileHHH. (Pa6oTa BbmonseHa Ha HPK, HcnonbsoeaHHoA 

paaee B axcnepHMeHTe no Cp8BHeHHIO BpeM9HII lt{H3HH 38pS!:lK9HHb!X ni!OHOBI 1 21) • 
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KaMepa 3anyCK8J18Cb CHrHailOM COBll8AeHHII: CUHHTHnnSIUHOHHhlX C'I~T'IHKOB, 

OT6Hp810IIIHX MIOOHbl no epeMeHH npoileTa, C 38Aep:lKKOil: t I = 3,5 MKCeK~ 

3a ·aTO Bp9MSI 90% OCT8HOBHBIIIHXCSI MIOOHOB p8Cll8ll89TCSI, J1H60 38XB8TbiB8-

9TCSI S1Ap8MH Ne • · BpeMSI naMSITHxl e xaMepe onpeAeilSiilOCb npHcyTCTBHeM 

B Ne 3,5,10-8 8T C ll 8
6 

08 H Cil9AOB ( < 10-7) C C If H COCT8Bi1SIJ10 

B T9'19HH9 qeTbipex C98HCOB aKCll03HUHH OKOilO 20 MKC9K, DoaTOMy SlpKOCTb 

BTOpH'IHblX TpeKOB, B03HHK810IIIHX B Te'leHHe 3,5 MKCeK, MeHSleTCSI He 6onee, 

'19M B 1,5 p838, C ApyroA CTOpOHbl 1 npH T8KOM BpeM9HH ll8MSITH Ha OllBOM 

K8.1lpe perHCTpHpyeTCSI He 6onee OAHOA BXOASIWeft B K8Mepy '18CTHUbl lly'IK8 

(oTHOCHT9J1bH8Sl '18CTOT8 K8llpOB C llByMSI TpexaMH lly'IK8 COCT8BnRJ18 B 

cpenseM 10-
3
), H, KpOMe TOrO, cboH B KaMepe OK83biB8eTCR AOCT8TO'IBO 

HH3KHM, 3KcnepHMeHT8ilbH8Sl OUeHKa npHMeCH fl -M930HOB, llpOXOllRIIIHX 

B pa6o'!Hil: 06'beM K8M9pbi, aaeT sepXHIOIO rpaHHUy OTHOIIIeHHSI N ,/NilS 5.10-4. 

B onHC8HHbiX ycilOBHSIX 6bmo nonyqeao 15.000 KaApoe, Hy:lKHbie co6biTHH 

H8 KOTOpbiX OT6Hp8ilHCb no Cil9AYIOIIIHM KpH~epHSIM: 

1) MIOOH OCT8H8BilHB8eTCSI B onpeAeileHHOII: UeHTp8il.HOft '18CTH pa6oqe

ro o6'beMa KaMepbx; 

2) BTOpH'IHbie TpeKH npHH8llnelK8T TSilKeilblM '18CTHU8M (OTCyTCTBH8 

HCKpHBil9HHSI Tp9K8 1 Bb!3B8HHOrO MHOrOKp8THblM paCC951HH9M1 llilOTHOCTb HOBH-

38UHH cymeCTB9HHO npeBbllll89T MHHHM8ilbHy10); 

3) o6e npoeKUHH yrila Me:lKAy HanpaBJieHHeM Tpexa MJ09H8 nepeA ocTa

o 
HOBKOil: H BTOpH'IHbiM Tp9KOM B Cily'lae OAHOJ1y'I9Bb!X 3B93A npeBbiiii810T 70 
(B K8Mepe HCll0ilb3Y9TCSI opTOrOH8ilbH8Sl CHCT9M8 CTepeonpoeKUHH); 

4) AilHH8 ilY'I8 B OAHOilY'I9BbiX 3003A8X npeBb!III89T 5 eM; 

5) OCT8HOBK8 MIOOH8 1 conpoBOlKJl810III8SICSI 6onee qeM OllHHM ny'IOM, 

OTHOCHTCSI K CJ1Y'I8SIM p8CII19llileHHSI SlApS OCT8HOBHBIIIHMCSI MIOOHOM (ny'IOM 

B T8KHX CJ1Y'I8SIX C'IHT89TCSI TpeK AilHHOIO He MeHee 2,5 CM); 

6) HanpasileHHe BTOpH'IHoro Tpexa cocT8BilSleT c HanpaeileHHeM anexT

o 
pH'!ecxoro noilSI yroil 6oilee 10 • 

xl BpeMR naMRTH onpe.aenReTcR a.aecb KBK TaKoe speMR aa.aepJKKH Bbi

coKosoni>THoro HMnynbCB HB 31l6KTpo.aax KBMepbl no OTHOU/6HH10 K MOMBHTY 

npOXOJK.aBHHR 'lBCTHUbl, llpH KOTOpOM RpKOCTb TpeKa na.aaeT B 2, 7 paaa. 
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KpHTepHIO 1) YllOBll9TBOpSIIOT MIOOHb11 TO'IK8 OCT8HOBKH KOTOpblX yafine

H8 OT sneKTpOllOB K8Mepb! He Meaee '18M Ha 4 CM H OT 6oKOBbiX CTeHOK H3 

oprCT9KJI8 He MeHee, '19M H8 8 CM, npa STOM f'90M9TpH'I~CK8SI Hea$t>eKTHBHOCTb · 

perHCTp8UHH C06biTHI! C llJIHHOIO BTOpH'IHOrO TpeKa 6onee 5 CM He np8Bb!W88T 

2%. PaaaeneHHe TH>K9JibiX qacTHU H penHTHBHCTCKHX sneK'I/poHoB p. -pacnaaa 

JIQCTHranOCb Bb160p0M T8KOI'O YCHJI9HHSI nepBH'IHOJ! HOHH38UHH 1 'ITO SlpKOCTb 

TpeKOB sneKTpOHOB p. -pacnaaa 6nH3Ka K noporoaoA ( s4x!>eKTHBHOCTb pe-

rHCTp8UHH sneKTpOHOB COCT8BliSIJ18 B CpeJIHeM 30%), H nOSTOMY OHH BH3Y

anbHO OTJIH'IHMbl OT SlpKHX TpeKOB TSI>K9Jlb!X '18CTHU, <I>OTOMeTpHpOB8HHe noll

TB9p>Kll89T 'I~TKOe paaaeneHHe BTOPH'IHbiX Tp9KOB Ha JIBe rpynn&I: '18CTHUhl 1 

JinH KOTOpbiX HOHH38UHOHHbii! napaMeTp y HMeeT 3H8'19HHe y = 0,10;!:.0,05 

( anexTpoHbi), H qacTHUbi c y ~. 1. B xaqecTBe HOHHaa~HoaHoro napaMeTpa 

6h!n8 npHHSIT8 B81IH'IHH8 y • ( f d)· lf ( f d ) I' , rae f-- M8KCHM8n&H8SI 

nnOTHOCTb noqepH9HHSI, 8 d - nonywHpBH8 KpHBOA noqepH9HBH 1 perHCTpH-

pyeMOA MHxpocjloToMeTpoM npB nepeMemeHBH ero mena nepneaaJiicynirplio 

aanpaBneHHIO TpeKa, Ha nneHKe, 11Bll8KChl I' H i OTHOCHT.CJI COOTB9TCTBeB

BO K TpeKy BXOllSIWero MIOOHa H BTOpH'IBOA 'laCTHUhlo 

KpHTepHeM 3) acxniO'llleTcs perBcTpatlHH cny11aea, JinH xoTOpwx yron 

M9>KllY HanpaBnSHHeM nepBH'lHOro R 81/0pR'IHOro Tp8KOB HaXOllH'I/CSI 8 o~naCTR 
0 

OT HynH AO 58 • TeM CaMh!M ycTp8HRJOTCSI cny'laR OABOKpaTHOrO xynoHOBC-

xoro pacceSIHHH MIOOBOB, HMHTHPYIOIIIH8 OABOny'I9Bhl8 3B93Ahlo 3aepreTB'IeCKRI 

nopor peracTpauHH 'laCTHu, onpeAeneHR&II ycnoaHeM 4, paaea 1,1 Msa AnSI 

npoToaoe, 1,5 Msa Ana AeATpoaoa a cooTBeTCTBeHHO 4,0 H 4,5 Msa anH 

HAep He I H He 4
, Tax KaK OCT8HOBK8 MIOOHa MO>KeT conpoBO>KllaTbCH 0'19Hb 

BbiCOKOA nnOTHOCTbiO HOHH3811HH B .TO'IK9 OCT8HOBKH (xopoTKOnpo6elKH08 

HApO OTAll'lH npH I' -aaxaaTe), ~nyxTyauaa npouecca raaoaoro ycaneHHH 

nepBH'IHOA HOHH38UHH npHBOllSIT HHOrlla K p83BHTHIO p83pHll8 83 TOqKH OCT8HOB

KH MIOOHa B HanpaeneHHH sneKTpHqecxoro nonH Ha paccTOHHHe ao 2 eM, Ycno

BHe 6 HCKJI10'189T perHCTpllUHIO TaKHX cnyqaeB, HMHTHPYIOIIIHX KOpOTKHI ny'l, 

no yK838HHbiM KpHT9pHSIM OT06paHO 1759 OCTaHOBOK ( N /l 
0 

) • 42 OllHOny-

'19Bbie aae3llbi ( N 
1 

) H 9 aaeaa c 'IHcnoM nyqeA 6onee oaHoro ( N 
11 

) • Be-

POSITHOCTb W pacwenneHHSI Slllpa Ne npH p.- -38XB8T8 C HCIIyCK8HH9M TSI-

>K9JJbiX 38pSI>K9HHb!X '18CTHU OIIpeJI9JJSIJI8Cb H3 COOTHOW9HHSI: 

6 

( 
( " - I N • :1( -l + N I· 

l II 
N-1 

p.O 
-I A o +A!..(l- exp [-t

1
(A

0
+Adlll. 

Ao 

rae A ( A ) - eepoHTHOCTb HAepaoro aaxaaTa ( pacnaaa) MIOOHa a Meao-
o d ' 

aTOMS Ne, H IC - reOM9TpH'IeCK8SI ~SKTHBBOCTb perHCTpaUHH OAHOny-

'18BbiX 3Be3JI, 3Ha'leHHe IC 6binO onpeAeneHO H3MepeHH9M OTHOWeHBH 'lHCna 

cnyqaeB p. e - pacnaAa, YAOBneTBOpHIOIIIBX KpHTSpHIO 3, K nonHOMy 'lHCny 

Ha6n!Oll89Mb1X ll e - pacnaaoa. HaiAeHHoe 3Ha'l9HHe I(- 0,47;!:.0,05. Hc-

nonb3YH aHa'leHHe A 
0 

• ( 2,00;!:.0,10) .105 cex-1, ycpeAaeaaoe no peaynl>-

TaTaM pa6oTI131 H Ad= (4,550;!:.0,0035).105 cex-1 1 141, nony'IHM 

w • 0,202:!;9,035. BaeAeaae Manhlx no aenH'lHHe nonpaaox, y'lHTh!Ba!OmHx 

reOMeTpH'18CKYIO,, ~KTHBHOCTb perHCTpllUHH ( 1,02;t0,0 1) 1 cny'!aH KynoHOBCKO

ro paCCSSIHHH MIOOHOB1 YllOBn9TBOpSIIOIIIH9 KpHTSpHIO 3) ( 0,94;t0,06) 1 B03MO>K

HYIO npHMSCI;> ,- -Me30HOB B ny'IKS (0,98;!:.0,02), npHMSC& nOCTOpOHHHX 

r830B B Ne ( 1,006;t0,005) t H3M9HSI8T 3Ha'leHHe 1J Hll 4%, T8K 'ITO nocne 

BB9ll9HHH nonpaBOK 1J '"' 0,195;t0,085. npoCMOTp TeX )1{8 KllllpOB C H3M9H9-

HH9M KpHTepHSI 3) (oT6Hp810TCSI cny'lllH C rrpoeKUHHMH yrnOB > 90°) npHBOAHT 

K 3Ha'leHHIO " .(0,20;t0,04). 

CpaaHeHHe nony'leHHoro peaynbTaTa w • 0,20;!:.0,04 co aHa'leaaeM 

w = 0, 15, nony'leHHbiM17 1 ana nerxoA KoMnoReHTbi ~TosMynbcHH, noaTBep>K-

ll89T BbiBOA 0 TOM, 'ITO Bb!XOA 38pSI>K9HHhiX '18CTHU npH /l -aaxaaTe a 

HapaX C aTOMHbiM HOM9pOM z • 5 of 10 38M9TBO Bh!W9 1 '19M iB HApax C 

z = 35 of 50, rae W = 0,03, CorrocTaBneHHe nony'leHHoro aaMH aHa'leHHH 

W c peaynhTaTaMH pa6oTbi 11Iaq$al 101 no p. -aaxeaTy B Ne rrpa 6onee 

BbiCOKOM nopore perHcTpauaa aapH>KeHHbiX qacTHil ( W ( Ne , T > 4,4 Mas)= .. 
= 0,05;t0,015) YK83biBaeT H8 3H8'1HTenbHbiA BKJI8ll npoTOHOB c SHeprael! 1-5MsB 

B cneKTP HCnYCK89MbiX 38pSI>K9HHbiX '18CTHUo npHCYTCTBHe cpeAH HCIIYCKa9MhiX 

qaCTHU aeATpOHOB H SIL19P TpHTHSII7 I He M9HSI9T BbiBOAll 0 'MHrKOM' xapaK-

Tepe CIIeKTpa TSI>K9JiblX 38pSI>K9HHbiX 'laCTHU 1 HCnyCKa9MhiX npH 1: -aaxeaTe 

B aeoHe. 
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