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BazHWIH xapaKT8pHCTHKaMH 8.Jl8118HTSPHblX qaCTHU ffBIDllOTCff 8.Jl8KT

po11arHHTH&8 qiopuitiaKTOp!,1 ,KOTOpble n03BOIDllOT KO.JrnqecTB8HHO onHC&BSTJ, 

B38HIIO,Il8ttCTBH8 8.Jl8118HTSPHWC qacTHU C 8.JI8KTpo11arHHTHhlU none11.~op11-
2. 

itiaKTop1,1 - illYHK~H KB~paTa nepe.ztaBaeworo qeTupexvumymca \<.. • 

9.JieKTPOIISrBHTHSH CTPYKTypa ByK.JIOBOB xopomo H:iyqeaa B oOnac

TH npOCTpaHOTB8HHOITO,Il00HIDC nepe,Ilaq ( K2 < 0) B onblTSX no paccea

HHIO 8.JI8KTPOHOB ua npOTOHax H ,Il8ttTOH8X /I/. B oOnacTH Bp8118HHnO,Il06-

BblX nepe.ztaq ,ltSHH&e O WOPll~BKTOpax BYKJIOHOB W8KTHqecKH OTOYTCTBYIOT• 

0CHOBH&e pe:iynl>T8Tl,I no ITHOBBOIIY qiop11itiaKTOpy npH npocTpaHCT -
a 

B8HHOITO,Il00HIDC nepe,ztaqax ( K <. 0 ) nonyq8Hl,I KB 3KCrrepHM8HTOB ITO 

8.Jl8KTPOPOJl.1t8HHIO nHOHOB 121. B 06.JiaCTH Bp8118HHnO,zt06HWC rrepe.ztaq 
2 ( K > 0) ,lt8HH1,18 0 qiop11itJ8KTopax nHOH8 H HYKJIOBOB IIOZHO nonyqHTJ, 

Ha 8KCnepHM8HTOB ua BCTpe1rnwc nyqKax H npH M:iyqeHl!H p88Kl\HII 06-

paTuoro 8.Jl8KTpopOll,1t8HHH nMOHOB ( 03Il): 

'Jr-+p ~ e+ + e- + n. (I) 
~Opll~8KTOP nHOH8 Ha BCTpeqHl,IX nyqKax Hayqancs B pa6oTax 131, 

O,ltB8KO o6nacu K2.< 8 ~-2 ue HCC.JI8,ltOB8H8. Eoliee Toro, A.JIH BCT

peqaux nyqKOB npM uama: nepe.ztaBaeuux sunyncax CYJ!t8CTBY8T KHHe -

HSTHqecKH H8,ltOCTynHWI o6JiaCTJ, ( 0 < K' < 4t'T'\n-2 .lt.Jlft p88KIUnf 

e+e- ---,.'tr"'"'[- H · O< Ka.<.4-M' .it.JUI peax~z e.+e.-~N'if ). 
IlpaKTzqeCKH 8,ltHHCTB8HBl,III B03110ZHhlM HCToquHKOII 8KCD8PH118HTanl>-

. a 2 
HliX ,lt8BHUX no CTPYKType nHoua B 06JiaCTH O < K <. 4 t'l'1f II no 

CTPYKType uyxnoua B 00.JISCTH O < K2.~4y2 ffB.JIH8TCff peaK~ oan. 
llepBU8 nonUTKH OU8HHTJ, B.JIHffHH8 CTpyKTypu ~POBOB ua ceqeuze 

peaKUHH 09ll npH OCTBBOBKax Ou.JIH C,lt8.Jl8Hl,I B paOoTax 141 C ~OIIOl!ll>IO 

nya1,1p:&~o:awc KaJlep. B paOorax /S/ Ta :a:e npoOne11a Hayqanac1, aneKT

poHaott Y8TO,ltHKO«. 0.ztH8KO npH OCT8HOBK8X U--ueaoHOB KB~paT nepe

,lt8B88110ro qerupeXHunym.ca ae 1101:e, npe:aumar1, B8Jll111HBY x;~~o,s~-2, 
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1103Touy ceqeHae 11po~ecca c.aaao auaca, oT anelt'rpouarBH!HOI cTpyx,y

p1i1 qacu~. BWI01IH8HIW8 npa BHCOKBX 8B8PrKU: (E'I!'> 8 rsB) 3KCII8~,!0(8B

Tli / 6/ orpaHHq_ea~ci. oOJtaC~I) 'JI!-= !5 + 25f-2 H B OCHOBHOU CBaaa

Hli C qlH3HKOI& B8KTOPHHX 11~30HOB.· 

0 H80.JD)A8HJIH 63 ,t r8 C00HTBI P88JtlUIB 08ll B HX T80p8THqecxou 

8H8JIB38 IIPH KHH8TiN8CKOI 3H8prHH n- -M830HOB 275 MaB coo6.axoci. B 

paOOTax fl,B/. EH1Io noxaaaHo, qTo ceqeH•e-pea~H npa aTol aHep

rHH B OCHOBHOM OIIP8A8Jlll8TCH aopHOBCKHMH qneHaMH B 3aJ!HCH! OT qiopu

q>8KTOpa nuoua E H uaoToaBeKTopuoro qiopuq,aKTOpa HYKJIOBa fiv. 
~ V . 

B IIP8AIIOJIOX8HHH F,-= Fi npH Cp8AH8U auaqeuHH_KBSAPBTa 118P8AllH-

, eoro qeT1,1pexu11nynca ii2 = 2 +-2 
Owxo nonyqeeo ~ = ~"=r.07~:f1"• 

~JIH aoxee TO'IBHX uauepeBd ceqeuxa peax~ osrr 61i1J1a paapaao

Taua eoBBH aKcnep111euTam.uaa ycTauOBKa /r3 ,r41.-BH1IH aaro,0Bxem1 

A8T8KTOPli C (lom,ael anepTypoA H JlyUHIIK xapaKT8pHCTBKBIIH no CpaB -

B8B1~ C OIIHC8HBHIIH B pa60Te /7/_ 
B H8CTOmi,.el AHCC8pT8JU!H OIIHClilJl88TCff HOBHI BapHaH! axcnepJ11-

M8HT8JII,HOl! ycxaHOBKH, c IIOMOIIU,D KOTOpol! C!HJIO BIUSJISHO 226 .:!: JI co- • 

C!HTHll peaK~HH 03rr/IS/, H oC!paC!OTKa CTaTHCTHqecKoro Matep:ttaJia. ITpo

B8A8H T80p8TH1l8CKd aua1IHB noJJyq&BHHX pesy1II>T8TOB H OIIP8A81I8ml 

8H8118HHH IIHOHHOro II HYKJIOHHOro qiopuq>aKTOPOB npH Tpex aaaqeBHu: KBSA

paTa II8P8ABB88MOro qeTup8XIIIIIIYllI>C8 /I6/. 

~HC08pT8~R COCTOHT HS qeTHJ)8X rnaB. B 118pBOI rnaBe onHClil

B88TCSl 3KC118pHll8HT8Jll,Baff yCTllHOBKB H npHB8A8HH OCHOBHH8 xapaKT8pBC

TBKH A8T8KTOpOB. Bo BTOpoA r.na.Be OnHOHBaerca U8TOAHK8 o6pa60TKH 

CT8THCTHq8CKOrO U8T8pHaJia. B TpeT~el rnaB8 OIIP8A81I8Blil no1IHoe H 

AHql(pE!P8H~am,1We ceqeHHSl pea~• oarr. B qeTB8PTOI rxue IIPOBOAHT-

CH T80p8TJ1118CKd aH81IH3 pea~H oan H nonyqeHH 3HaqeBHil IJHOHBOro 

H HYKJIOHBOrO WOPMq>8KTOpOB. 
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0CHOBIW8 peayJII,T8TH,COCT8BHBmH8 COA8pEaHH8 AHCC8pTalUfH,6u

JIH nonyqeHH B !970 + !972 roAax H HaAaHu B BH,1!8 coo6~8HHR H npe

npHHTOB mum, ony6JIHKOBaHH B EYPH8Jl8 "HA8PH8Jl ~H3HK811 H AOJIOE8HU 

Ha XYI M8E~yuapOAHOtt KOH~epeHnHH no ~H3HK8 BUCOKHX 3H8prHR 1972 

rOAa B EaTaBHH /I3+I7/_ 

r. 
8KCII8pHM8HT8JII,HaH ycTaHOBKa COCTOHT HS rpex T8Jl8CKOnOB (pHc.I) 

MOHHTOpB.wt T8F.eCKOII {Cr, C2, C3, C4) BHA8Jlll8T B3aHIIOA8ttCTBHH IJH

OHOB O npoTOHWIH BOAOPOAHOR MHM8HH, a ABa HA8HTHquwc. 60KOBWC Te -

Jl8CKOIJ8 cnyxaT AJlll perHCTpanHH 3Jl8KTPOHOB H IJ03HTPOHOB peaKIUfH {I) 

H OllP8A8Jl8HHR HX aueprd H yrnoB BUJI8Ta. K8lltA!Jtt H3 60KOBHX T81I8-

CKOnOB COCTOHT H3 CIUfHTHnllilnHOHHOrO cqarquKa (C5 H C6), BOAHHOro 
V v . 

qep8HKOBCKOro C118T11HKa (Cr H C2), qepeHKOBCKoro CII8KTPOM8Tpa 
v V 

( C3 H C4) B HCKPOBOR KWl8Pli ( lllir H llli2)- b0KOBU8 T8JI8CKOIW pac-

nonara:imcb IJOA yrnoY .... 90° K nyqKy IIHOHOB. Sqig/8KTHBH08 npOH3B8A8-

HH8 TOJ18CHUX: yrnoB COCTaB1IHJIO St~S2.a= 0.37 crep.2 • 

CnHHTHJI1IH~OHHH8 cqaTqHKH C5 H c6 ·npHll8HHJWCa A1IH OT6opa Kop

penHpoBaHHHX BO BP8M8HH co6HTHU H AJlll H3M8P8HHH HOHH3anHOHHHX no-
v v 

T8pa aapHX8HHLIX qaCTH~. IToporoBH8 qep8HKOBCKH8 cqerqHKH Cr H C2 

HCII01II,30B8JIHCa AJIII nOASBJI8HHH S411P8KTHBHOCTH perHCTpaIUfH 118AJI8H

HHX qacTHn. B xaq8CTB8 PSAHaTopa npHM8HHJia0a AHCTHJIJIHPOB8HH8Jl BO

~a C A06aBKOR 8UHHO-r-KHC1IOTH 191. q8p8HKOBCKH8 CII8KTPOM8TPH non-
v v 

uoro norno~8HHH C3 H C4 Hcnom.aoBaJUIC~ A1IR H3118peHWJ aueprHH 3JI6K-

TPOHOB m noaHTpoHOB OT peaKIUtH (I). PaAHaTop Ka:11,ltoro cnexrpoweT

pa (CT8KJIO ~r) npocuaTpHBanca A8BHT~~ ~OTOYIIHOUT81IRUH ~SJ-49. 

0CKPOBH8 xauepy 1r71 llPHll8HHJIHC~ AID! OTC!opa B38HIIOA8RCTBHR, 

COA8PE8~HX AB8 aapU8HHlll qacTHJ:Ui B KOH811HOM COCTOHHHH, H AJlll 
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BOCCT8HOBJ18HHH npOC1'p8HCTB8HH0'1 K8PTlll!H perHCTPHPY811blX co61,1ntt. 

Ka11ep1,1 H800JIHHJIHCL H80HOY H pa60T8JII! B Tp8KOBOM p8XHll8 AO yrnoB 

"- 3QO C 8qlql8KTl!BHOCTLII ~98%. 

B aKC08pHM8HT8 HCOOJILSOBBnHCL Zl!AKOBOAOPOAHb18 MHm8HH C KOnH

qeCTBOII BOAOPOA8 I,56 r/cl- H 2,61 r/cl-. 
Ha PHC.2 npHB8A8H8 ynpo~BHHBH 6noK-CX8118 8Jl8K1'p0HHKH. Koppe

JIHPOB8HHbl8 BO BP8118HH C06b1THH Bl,IABJIHJIHCL CX8118JIH COBOSA8HH'1 

CC1-tCC5. ttunynLCbl OT A8T8KTOPOB 60KOBblX T8Jl8CKOllOB nocTynaJIH Ha 

CX8Ubl COBilSA8HH~ qepea AHCKPHIIHH81'0pb1. IloporH AHCKpHJll!H8TOpOB B 

uenax qep8HKOBCKHX cqeTqHKOB COOTB8TCTBOB8nl! 99,5% aiW>8KTl!BHOCTH 

perHcTpaUHH 8Jl8KTPOHOB, 8 B uenruc qepeHKOBCXHX Cll8KTPOll8TPOB yc

T8H8BJIHB8JIHCL Ha ypoBH8, COOTB8TCTByn~eu aHeprHB 8Jl8KTpOHOB 40 MaB. 

YnpaBJIHll~H8 H1mym,c1,1 Bblpa6aTblB8JIHCL B TOIi cnyqae, KOrAS Hll8JIHCL 

COBOSA8Hl!H 118JK.1tY TPBMH T8Jl8CKOil8JIH I! cyuuapaoe aaeprOBl,IA8Jl8HH8 B 

C08KTPOU8Tpax npeBblWBJIO 170 MaB. 

ttH~opuauua O C06b1THHX perHCTPHPOB8Jl8CL no Tpeu K8H8JIBU:a) Tp8-

KH B l!CKPOBblX K8Jl8pax ~OTOrpa~HPOB8JIBCL aa KHHOOJl8HJtYi 6) HIIOYJIL

Cbl CO BC8X cqeTqHKOB OOA8B8Jll!CL HS OHTHJ!Yq8BO! OCUl!JIJ10rp8Wi B) OC~ 

HOBHBH 8110JIHTYAHO-Bp8118HH8H I/IH~Op118UHH OOCTynana Ha CHCTBIIY IIHOro

M8PHOro 8HBJIHaa, pa60T8D~II COBU8CTHO C 8BM /I4/_ B aTott CHCT811e'. 

H8118PHJIHCL 811UJIHTYAbl HllllYJILCOB cneKTpoueTpOB (Er H ~) H 60KOBblX 

CUl!HTHJIJIHUHOHHblX cqeTqHKOB ( A5 I! A6), a Tade BpBll8HHbl8 HHT8pBa

n1,1 118ll,ltY Cl!rH8ll8JII/I IIOHIIITOpHoro cqeTqHK8 C2 J,t 60KOBblX _CUHHTHllJIH -

UHOHHblX cqeTql!KOB ( t.5 H t.£> ) • 
Bcero 88 ~ 300 qacoB H8118P8HH! HS Cl!HXPOUHKJIOTPOH8 Jliill qepea 

UHB18HI, 6blll0 npony~8HO 2 • !Oll lll!OHOB. fipOBOAHJIHCL TaD8 H8118pe

HHH c nycTott Ul!m8HLll,BO Bpeua KOTOP~ 6blJIO npon~eHO 0,25•ID11 nHo

HOB. 
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AnnapaTypa nepHo~uqecu KaID16poBaJ18.CL Ha ynpyro-pacceHHHIDC 

IlHOHax. KanH6pOBKH npOBO~HnHCL COBYOCTHO c SBM. llpH Ha6ope cta

THCTHKH'npHMOPHO qepea Kax~&e 2 qaca HH~OpUSUHH ( 1024 co6&THtt), 

HaKonneHHaH B CHCTeue MHorouepHoro aHanuaa, nepe~aBanacL Ha SBU 

H o6pa6aT&BanacL no nporpauue 11 KOHTPOnLHOll o6pa60TKH CT8THCTHKH11
• 

OnpOAOJIHnHCL cpe~HH8 3HaqeHHH H3M8PH8UblX napaueTpOB H HX CPOAHO

KBa~paTHqH!,[8 OTKnOHBHHH. 3Ta HH~OpUSUHH Il03BOJIHna KOHTponHpOBSTL 

CT86HnLHOCTL annapaTypll BO BpBUH H8U8p8HHtt. 

2. 

B pesym.T8T8 H3M8p8HHH Ha nyqxe 6&no IlOJIYqOHO 172 000 ~TO

rpa~Htt c nonHott YHmOHLD H 3000 - c nycTot. 

CHHMKH c HCKµOBblX xauep o6pa68Tl,IBBnHCL Ha nonyaBTOMSTHqec

KHX ycTpottcTBax ITYOC-50, aaTeu no nporpauue·reoueTpzqecxott peKoH

CTPYKUHH /IO/ BOCCTBHBBnHBanacL TOqKa B3BHU0~8HCTBHH H onpe~e.na

nacL BBPOHTHOCTL Toro, qTo Tp8KH HCXOAHT H3 O~Hott TOqKH. 

IlpH o6pa60TK8 6uno B~8J16HO 443 KB~HASTa co6&THtt peaKUHH 

osrr H3 CTBTHCTHqecKoro UBTOpHana, Ha6paHHOro C IlOlIHOtt UHmBHLD,H• 

4 KBHAHABTa c nycTott UHmBHLD. STH C06llTHH YAOBnBTBOPHIDI cne~YJ)ll!HU 

KpHTBPHHU: Tpe6oBanocL, qTo6H B KBJEJtOtt HCKpOBOtt K8.U8pe Ouno TOJlli

KO no O~HOMY Tpeicy, npOAOlDlt8HHH KOTopwc nepeceKSJDTCH B YHmBHH; 

OT6Hp8IDICL C06HTHH C 3HOproB~en8HH8U B Cll8KTPOU8Tpax Er H 

E2 > 60 t.lsB H Er -t- ~ > 170 MaB H C yrnou UBEAY TpBKSKH e
1
2.<I70o. 

Kpoue Toro, 6&Jm BBOABHH BpeueHH!,[8 KPHTOpHH Ha m,nynLCll OT OOKO

BlalX CUHHTHnnHUHOHHl:lX cqeTqHKOB. 
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B npouecce o6pa60TKH npOBO~HJ18.CL KOppOKUHH aunnHTYAHO-Bpe -

MBHHOtt HH~OpUSUHH. Ilocne KOPPBKUBH mHpHH& aunnHTYAHliX H·Bp8Y8HHblX 

pacnpeA8J18HHll HMnym.COB 60KOBblX CUHHTHnnHUHOHHblX cqeTqHKOB YJIOHL

IIJHHHCL npHMBPHO HS 35% H ynJ"l'.mHHOCL paapem8HH6 no KB~paTy HOA0-
2 

CTan~ett MSCOH ~ 

AJIH Bl,1.1(8J18HHH C06HTHll p88KUHH 08Il H3 443 K8ffAH~8TOB 6&no HC

nonb30BBHO paHee 3aMeqeHHOe OdCTORTenbCTB0/7/,cBH.1(8T8nbCTBynmee 

0°TOM,qTo C00!,[Tlffl q>OHOB&X nponeccoB xapaKT8pH3YDTCR00nblllHMH aMn

nHTY.IIBMH HMnynbCOB OOKOB&X CUHHTHnnHUHOHHl,IX cqeTqHKOB.Ha pHC. J no

Ka3BH!,[ pacnpe,neneHHH no KBB)(paTy He,nocTanmen uaccl,( M2x ,nByx rpynn 

KaH,nHAaTOB: a) COdliTHR,,nnR KOTOp&X ,½ H A6 < AoCAo=2~ep rne A 
'' A B8p, 

COOTBOTCTByeT HaHOonee BepORTHOMY 3HaqeHHD HOHH3aUHOHHliX noTepb)j 

0) OCTBnbHlie COdliTHR,Ha pHC. Ja Bl,l.l(enReTCR nHK, co,nepxamH3 cod&THR 

peaKUHH 03IT,,nnR KOTOpliX H8.l(OCTaomaR Mapca paBHa Macce HeATpOHa. 

CneKTP, npHB8A8HHlill HS pHc.36, COABPXHT H860J!LW08 KOJ!HqeoTBO co -

6blTHll p88KUHH OSII H nosTOMY A88T npe,tOTBBn8HH6 0 pacnpeAe·neHHH 

IOHOBWC oo6&THD no Mi• IlonarWI, qTo pacnpeAeneHHB loHOBHX 006& -

Tiltt no Mi He aaBHOHT OT Ben0qHH!,[ HOHH88UHOHHHX noTepL,B cqeTqff

Kax C5 H c6 UOXHO onpe~eJIHTL qHcno oo6&THll peaKUHH osrr. CoBM80T

Hlill aHaJma STHX AB'YX pacnpeAOJ18HHH A88T AnH nonaoro qHCJ!a C06blTHll 

p68KUHH OSil CPBAH K8HAHA8TOB BBnHqHHy 266 i 25. 

3. 

~nH onp8A8H6HHH ceqeHHH p88K!Uf8 osn, KPOM8 qHcna aaperHCTpH

pOB8HHHX·C06llTd, H~O 8H8TL nOTOK llHOHOB, npomeAmHll qepea MHfilBHL, 

~OH onyqallHHX OOBn~BHHll, ~OH OT nycToll MHW8HH H s!W>OKTHBHOCTL A8-

T8KTOPOB Pl o6pa60TKH. 

noone yqeTa CHJ"l'.8llHblX COBDSA8HHll·u S!W>OKTa OT nyOTOll YHfil8HH 

OCTBJ!OOL 226 .±. 51 oo6&THll peaKUHH osrr. 
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Ilo:nuoe ceqeHH6 peaKnHH 03IT OKaaaJIOCD paBHblll: 

t:.6 = (I,4U .:t U,22 ) • 10--aa c,f (2) 

3Ta BBJIHqHHa COOTB6TCTBY6T TOil qaCTH ceqeHHH peaxnan, KOTO -

paa Bbl.ZtBnH6TCH ycTaHOBKOlt npH ;IIOll0nHHT6}1DHJ:il YCJIOBHHX Er,Ez >60llsB 

H 812.< 170°. 

0TCD,lla 6blJIO onpe;11eJ1BHO .llHW(J/ePBHnHa]IDHOB ceqeHH6 peaKnHH oarr 
;IIJIII 8JIBKTpOHOB C 8Hepr1rnlt EpE2 > 60 UaB t HCllYCK86141:il IlO,ll yr:na

UH ~90° OTHOCHTBJIDHO aanp811J16HHH llHOHOB! 

d di1 = (4,0 .:t u,6 ) • 10-33 cJ-/cTep.2 (3) 
Sl.1, Sti. 

Ana no:nyqBHHII pacnp~~e:neHd no OCHOBHblll KHHBYaTHqecKIDI nepe-

MBHHHM HCil0Jlb30BaJlllCb 234 KaH;ZJ;H;ZJ;aTa C0dHTll~ peaKUHll O3Il,y;noBJIBTB0-

pllD~HX YCJIOBHIIY: Yi <.I,05 (faB/c2)2 ; As H A6 < 2AB6p.• 3Ta rpyn

na CO.llBPlltHT OCHOBHYI) uaccy co6HTHlt paaKnHH 03II, :nona WOHOBblX co-

6blTHA Buen uaJia ( ~IS%). 

C yqerou HY8D~eroca paapemeHHII no KBS,llpaTy qeTHPBXHUllYJIDC8 

nepe;11aqH H nonyqeHHOlt CTaTHCTHKH, co6b1THII paa6HB8JIHCD Ha TPH rpyn

llbl no K2 co CpB;IIHIDIH auaqeHHIIMH I, 72 ~ - 2 ; 2 ,23 \ - 2 
If 2 ,BB t -2 • 

~HCJIO C06blTHlt B STHX rpynnax COOTBBTCTBBHHO paBHO 53,83 H 98. 

AH8JIH8 llOJIHOrO H_ ;IIH(j)q)BpeHnHaJIDHOrO ceqeHHll npoBO;ZJ;HJICII Heaa

BHCHUO ;IIJIII Kallt,ltoro HHTBpBana no a2. 

4. 

~Jlfl OllHCaBHII nponecca osrr 6blJIH Bb16paHbl llllTD aeaaBHCHUHX KHHB

M8THqecxux_nepe1,1eHHWC /II/: W-no:nH811 aHeprn11 B czcTeYe neuTpa 

uacc csr-p ) , ( npH Kl-lHBTnecKoH 8HBprHH E,,.-= 276 Mall, W= 

= 1295 Ma» ) ; If - KBS,llpaT uacc1,1 BHpTyam,Horo woroaa; f/-yrox 

UBQY HMnym.cou IlHOHa H WOTOH8 B CHCT8U8 neHTpa uacc ( 'n"-p ) t 

II 
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8 - yron 118:1,?ly HllllYJII>COM aeltTpoaa H 8JI8KTpoaa B CHCT8M8 U8HT-

pa uacc ( a+ a-) H '{} -yron M8JIJlY IIJiocxocTI>I> peaKUHH oopaoraoro 

BHpTyanI>Horo woTopoll,?laHHff H nnocxocTI>m pacnB,?ta woToaa. 

Hcnom,aoBaJIOCI, Bbtp8lE8HH8 AM AH\[>ip8peHUHanaoro caqaHHff, 

nonyqeHH08 B pa6oore /II/ B MOA8nB iy6HHH, H8116y H BaorarHH8 1121. 
IlpH KHH8118THqecwa: yCJIOBHllX ABHHoro SKCil8pHM8H'fa peaynI>T8Tlil T80-

p8THqeCKHX pacqeTOB cna6o 38BHCHT OT npHM8HB8MOll MOA8JIH. 

B aacTOBBt8lt pa6ota Ana non;yqeana wopuwaxtopoB nnoaa H HYK110-

aa B KaE)tOl,I H3 Tpex HHT8PB8JIOB no K2 Hcnom,aoBaJIOCI, 3Haqea1e non

HOro ceqeHHH H AHqxp8p8HUH8l1I>H08 pacnp8A8ll8HH8 C061lTHI no Coi et. 
lnqxpep8HUH8Jll,HH8 ceqeHHH Cp8BHBBaJIHCI> C T80p8TR8CKHMH 1 KOTOpH8 

IIOA8JIHPOB~JIHCI, JtJill HaOopa (J}opu(J}aKTOpOB B np8A8JI8X 0~ ~. ~v f 2 . 
f;: 11 F. Bap:&HpoBanscI> c marou 0,05. 

,, 1 a 
IlpH aHaJIH38 nom,aoBaJIHCI, KPHT8PH81,( X • B KaE,ltOII ,HHT8pBa-
2 V JI8 no K AJIH BC8X nap aHaqeasll f;. H Fi_ BHqHCJlllJIBCI, B8JIHqHB8: 

X2.=t (n.,-1,H>.)2., (4) 
,~1 N'·B. . 

rAe: n., -qucno 8KCil8PHll8HT8Jll,Hl,IJC COOHTHlt, ll0Il8].l81llltHX B I, -a HH- · 

T8pBan rHCTorpaUMH i l'f·?~ -T80p8Tffq8CKH OlltHA88YO8 qscno coOHTHll 

B STOY HHT8pBane. Peaym,TBTH oOcqeTa IlP8ACTaBJIHJIHCI, B BHA8 ADY%-' 

11epuol nnocK~CTH X 2. B aaBHCHIIOCTH OT ~ H ~ v • IIHHHYYM B6-

nuquH1,1 X Ha aTolt nnocxocTu cooTB8TCTBYOT uuOonee B8POHTHWI 

aaaqeuuau ~OPIIWSKTopoB. 
V 

B npeAnOJIOll8HHH o Toqeqaocn qacTHU ( Ferr = Fi = I ) YlJ.O-

BJI8TBOPHT8llHoe corJIBCH8 6HJIO noJiyq8HO AJIH C06HTHlt nepBol rpyIUIH 

( X2.= 2,7 npH 3-x cTeneaax CBoOollH ); c pocTou K2 cornacae yxYlJ.: 

maeTca, qro yKaaHBaOT Ba YCHJI8BH8 BJIHHHHfI aqxpeKTa CTPYKTYPH qacun~. 
2. 2. lJIB BTopol H Tpenel rpynn 6Hno noJIYqeao X =9,I H X = 

= 32, COOTB8TCTB8HHO, npH q11cna CT8ll8H8lt CBOOOllH 4. 

12 

B npe)lnOJIOllt8HHH ~(Ka)= Fi_{i)aKcneplUl8HTaJII,HH8 )l8HHH8 XO-

pomo OilHCHBa~TCH UO)l8Jll,I) co CJI8AYD~HYH auaqeHHBMH napaueTpoB: 

~ = ti" = I.IO,:t0,07; ::J.2/j.2-:,.I.3 npH ~= I.72 ~-
2 

(5) 

~ = Fs." = I.I4.:t0.06; x3/J2-::. o.9 np11 it2= 2.23 f -2 

F'\t" = F: = I.30,:t0.07; ·-;t.2/x'= 0.8 npH i= 2.88 t -2• 

IlonyqeHHH8 aHaqeHHH IJ}opulJ}aKTOPOB IlOKaaal!H Ha puc.4 COBU8CTHO 

C HU8D~HMHCff 8KCll8PHll8HTaJII>HW4H AaHHl:illH no IlHOHHOUY H HYKJIOHHOMY 

q>opu(J}aKTOPaM B npocTpaHCTB6HHOilO)l06HOR oOnaCTH nepe)laq. IlpH on

P8A8JI8HIUI ~opuq>aKTOPOB yqHTHBaJIHCI, TOJil,KO CT8THCTHqeCKH8 omH6KH. 

HaueH8HHfI noJIHoro ceqeHHff Ha OAHY omH6Ky (16%) npHBOAH'l' K 113M8He

HHD B8JIHqHHH q>opuwaKTOpOB Ha 8%. 

lfa aTHX ABHHHX 6un onpe)leneH aneKrpo1,1arttHTHlill PSAliyc ¾- =- 'Zi'' · 
4 

IlpH 8TOII omHOKa .:t8% npHllHCblBaJiaCI> :3HaqeHHD wopMIJ}8RTOPOB Eco)= 
F.

v $ 

= 1. (o) =I. IlonyqoaHoe 3HaqeHHO 'l,r = 'Lft =(O. 75,:t0.14) ~ xopomo 

cornacyercn c 'tfi,,= o. 72 t H3 aKcnepuuettTOB no ynpyrouy ~p-pac

cenuun. 

Ha p11c.5 noKasaHH AHq>IJ}epeHuuam,uue ceqeHua AJIB peaKUHH oan 
COBU8CTHO C T8Op8'l'HqecKHUH KPHBblllH,BuqHCJI8HlllilUH B IlP8AilOJIOX8HHH 

0 ToqoqHOCTH qacrun H npH Bbllll8IlpHB8)l8HHHX 3HaqeHlfflX q>opuq>aKTOPOB 

(5). 
3KCil8PHU8HT8JI1,HH8 )l8HHH8 n03BOJIBDT 0Ilp8)l8JIHTI> IJ}Op11W8KTOPU 

F,; H !;_" Oea npe,llnOJIOllt8HHll O K8KOlt-JIH00 CBHSH M8:i:AY HHUH. B cny

qae H838BHCHUOro onpe)l8Jl8HHH nonyqeHU CR8AYD~H8 aHaqeHHff q>opu~aK-

'l'OpOB: 
\(2 = I,72t-2; 0,80 ~ ft~ I,20 ; IlpH 0,50 ~ F,i. ~I,20; 

IlpH '1(2. = 2,23t-2; 0,60 .!: ff I,30 ; E ~I,20; 
'Ir 

IIpH ~ = 2,s8\,-2 ; E" -I 40-tO,IO E - 20-tO 20 ~ - ' -0,20 i ,r - I, -0:30· 

13 



..,,-------
' 

Fr 

... •.z 

1.0 

fl 

,o 

,. 

"i l: 

o llksrlol et al.. f9/J7 
□ 11/sirelta et al .• f960 
6 Amal.di et al_ , f970 

■ Driver et al.} 
& Kummer et al f071 
• Brown et al 
x ser,jn~v ,t al., f97f 
◊ Th,s utier,mint • 1972 

'••l ' ,,~, I 

y('~~ .. 
. , 

a -.z -• -.o -, -to -a 

k1
, (G.V/cl 

'· 

.-'-

PHC.4. laHHU8 no llHOHHOMY 4JOPM4J8KTOpy B oOnacTH npeueauno;z,;oOBia: 
nepe;z,;aq, nonyqeHHli8 B H8CTOH~ea paOoTe, COBK8CTHO co 8H8~ 

. . . 
qeHHHMH,nonyqeHHUMH H8 3KCll8PHM8HTOB no 3X8KTPOPOEJt8HHD 
llHOHOB. 
CnnomHSH KPHB8H OllHCUB88T 38BHCHMOCT~ H80TOllB8KTOpBoro 
;z,;epaKOBCKoro 1popu1paKTOpa ayKJioHa ff' OT nenmeau Klla.it
paTa qeTupexuuny~ca nepe;z,;aqH 
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PHc.5. ~uqxpepeunua~aue pacnpe;z,;eneHffl! coOuTd oan no imae
uaTuqecKm, nepeK8HHWI C!oili, Cose B Cos<p ;D;Jlll Tpex 
HH1'8pB8JIOB K2 co cpe;z,;BHIIH aaaqeHHJIMH I, 72 ~ - 2 , 2 ,23 ~ - 2 

H 2 ,88 t -2 • IlyHKUpH&8 KpHBli8 COOTB8TCTBYJ)T npe~nono
Z8HHD I;. = fi" = I; cnnomuue KPHB&e nonyqeau DPH saa
qeuHax 4JOPM~8KTOPOB, llPHB8;D;8HHHX B (5). 
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noB8pHT8m.Hli8 HHT8pBalIH H B6pxHH8 rpaHHns npHB8,ll8HH ua 

6!3% ypOBH8 ,llOCTOB8pHOCTH. 
.<'-

OcHOBHli8 pe3ym,T8TH ,llHCcepTSnHH UOXHO c~opuynupoBaT» cne.ztj'D

l!IHU 06pa3ou: 

I. Co3,naua ycTaHOBKa, pa60T8Dl!l8ll Ha nHHHH C SBU, COCTOH1!18ll H3 

CnHHTHnnanHOHHWC H qepeHKOBCKHX cqeTqHKOB, qep8HKOBCKHX cneK'fpo

uerpoB nonuoro nornoll{em1a, HCKpOBWC Kauep, naTHJIY1JeBoro ocn1rnnor

pawa H BO.ztOpO.ztHOi UHm8HH. li3Y1J8HH xap8KT8PHCTHKH ,ll8T8KTOpOD H npo

B8,ll8HH KanH6pOBKH. YCT8HOBKa ,naeT B03UOZBOCT» perucTpHpOB8Tb H H3y

qaT» nponeccs C aneKTPOHSUH H ll03HTpOH8UB B KOHeqaou COCTOHHHH, 

.ztH(j)qlepeanHam.uoe ceqeHH8 KOTOPWC HSXO,llHTCH Ha YPOBH8 

10-33 cil-/ cTep.2• 

2.Pa3pa60Taua npone.nypa H3U8P8HHD H o6pa60TKH 3KCll8pUM8BT8nb

HWC ,llSHHliX H BJ:l,lleneHO 226 ;t 3! C06HTHi p88KnHH crr-p~e,+ € 0... 

3. Onp~.neneuo ceqeuue Toi qacTH peaKnuH • 5r- p-+ e,+ e- n. , 
KOTopaa BJ:l,llenaeTCH ycTSHOBKOi llPH perHCTpansH aneKTpOHOB H ll03HTPO

HOB C 3H8prmum EI H E2 > 60 MaB H C yrnallH U8E.ztY HHIIH 9U.<I70°: 

a6 = C I.40 .:t 0.22 ) • ro-33 cJ. 
AHi;Wiepeunuam.uoe ceqeuHe peaxnun npn perHCTPSnHH aneKTPOHOB H 

Il03HTPOHOB C aaeprHHUH Er H E2 > 60 M:m, HcnycKaeuwc no.n yrJUUIH, 

6nH3KHIIH K 90° OTHOCHT8n»HO HanpaBneHHH DHOBOB, paBuO: 

- da6 = (4.0 .:t 0,6) • ro-38 c.1-/cTep.2 

dS).s.tl~2. 
llonyqeaH .ztH(j)(pepeunHanl>HHe ceqeuaa no H838BHCHuw KHaeuaTH -

qecKau nepeueaHliJl·,nna Tpex HHTep»aAoB nepe,nauuwc aunyncoB co 

cpe.ztBHIIII 3H8q8HlrilllOI I.72 ;-2 ; 2.23 t-2 H 2.88 ;-2• 
4. H3uepeBHH8 .ztH\{xpapeHnHan»Hli8 ceqeuHJl xopomo OllHCHB8DTCll 

uo.nem.D, ecnu npe.nnonoznT», qTo wopuwaKTOP nHoua paBeH H30Ton -

16 

I 
I 

B8KTOpHouy .ztHpaxoBcxouy wopu~aKTopy uyxnoua. Tau cauw .ztllfl BpeueuH

no,noOuwc nepe,naq no,nTB8p:z;lt88TCH cnpaBe.ztnHBOCT» COOTHOmeHHll 

~(Ka)=f:(\<.a) ,ua6nD.zt8Bmeroca B 3KCn8pHU~HT8X no aneKTPOPOJKJl8HHD 

llliOHOB. 

B npe.nnonoxeHHH p8B8HCTB8 ~ (Ki~: fi(\<.i) nonY1J8Hli Cn8.ztYDID.ld8 

3uaqeaaa woPUWSKTOpoB: 

E c:" 2 r-2 'Jr = 11, = I.IO .t. 0.07 np11 K = I.72 T 

~ = Fi"' = l.!4 .t, 0.06 npH ~ = 2.23 t -2 

F,r = ft = I.30 .t. 0.07 npu ii2 = 2.88 .f -2. 

5. 3uaqeuua wopu~aKTopoB,no.nyqeHaue aa ocHOBSHHH runoTe3H E= 
" .1.. 2,'lf = ~", xopomo onMCHBSDTCH 3aBIICHMOCT»D fv(1<.a):::~ (K~• i+ 6 1<

2
~ np11 

3aaqea11H ~:."l.F."= (0.75 .:t o.I4) t. 
S. V 

6. Onpe.iteneHlil wopuwaKTopu F,r H ~ 6e3 npe,nnoJIOll8HH£1 o 

K8KOi-nM60 CBH3li uex,ny HHUH: 

U.SU ~ Fit, ~ I.20 ; 

~ 6 I.20 ; 
E = I.20't0.20 J -0.30 I 

...,. 
0.80 ~ ~ ~I.20 

0.60 ~ lt~I.30 

f.''=I.4~+0.IO 
1. . -0.20 

l HT EPA TY P_A 

npH K2=I. 72 r -2 . 
- T I 

llPH K2=2.23 (' -2 • 
- T ' 

IlpH K2:2_. 88 t -2. 
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